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REGENTS  OF  THE  SMITHSONIAN  INSTITUTION 


By  the  organizing  act  approved  August  10,  1846  (Revised  Statutes, 
Title  LXXIII,  section  5580),  ^'The  business  of  the  Institution  shall 
be  conducted  at  the  cit}'  of  Washington  hy  a  Board  of  Regents,  named 
the  Regents  of  the  Smithsonian  Institution,  to  be  composed  of  the 
Vice-President,  the  Chief  Justice  of  the  United  States,  three  members 
of  the  Senate,  and  three  members  of  the  House  of  Representatives, 
together  with  six  other  persons,  other  than  members  of  Congress,  two 
of  whom  shall  be  resident  in  the  city  of  Washington  and  the  other 
four  shall  be  inhabitants  of  some  State,  but  no  two  of  the  same  State. 


REGENTS  FOR  THE  YEAR  ENDTXd  JUNE  SO,  1902. 

The  Chief  Jiistii^  of  tlie  United  State?: 

MELVILLE  AV.  FULLER,  eleote<l  Chancellor  and  President  of  the  Board,  Jan- 
uary 9,  1889. 
The  A^ce-President  of  the  United  States: 

THEODORE  ROOSEVELT  (tx)  Sept.  14,  1901,  when  he  l)eoame  President). 
Uniteti  States  Senators:  Term  expinvi 

SHELBY  M.  CULLOM  (appointed  Mar.  24,  18^5,  Mar.  28,  1889, 

Deo.  18,  1895,  and  Mar.  7,  1901) Mar.    3,1907 

ORVILLE  H.  PLATT  (appointeii  Jan.  18,  1899) Mar.    8, 1908 

FRANCIS  M.  COCKRELL  (appointed  Mar.  7,  1901) Mar.    3, 19a'> 

Members  of  the  House  of  Representatives: 

ROBERT  R.  IIITT  (appointed  Aug.  11,  1893,  Jan.  4,  1894,  Dec. 

20,  1895.  Dec.  22,  1897,  Jan.  4,  1900,  and  Deo.  13,  1901 Deo.  23, 1903 

ROBERT  ADAMS,  Jr.  (appointed  Deo.  20,  1895,  Dec.  22,  1897, 

Jan.  4,  1900,  and  Deo.  13,  1901 ) Deo.  23, 1903 

HUGH  A.  DINSMORE  (appointed  Jan.  4, 1900,  and  Deo.  13, 1901 ) .  Deo.  23, 1903 
Citizens  of  a  State: 

JAMES  B.  ANGP:LL,  of  Michigan  (appointed  Jan.  19,  1887,  Jan. 

9,  1893,  and  Jan.  24,  1899) Jan.  24,  m)5 

ANDREW  D.  WHITE,  of  New  York  (ap])ointed  Feh.  15,  1888, 

Mar.  19,  1894,  and  June  2, 1900) June   2,  IVKKi 

RICHARD  OLNEY,  of  Massachusetts  (appointed  Jan.  24, 1900)..  Jan.  24, 1900 
Citizens  of  AVashington  city: 

JOHN  B.  HENDERSON  (appointed  Jan.  26,  1892,  and  Jan.  24, 

1898) Jan.  24, 1904 

ALEXANDER  (iRAHAM  BELL  (appointed  Jan.  24,  1898) Jan.  24,1904 

UEORCJE  GRAY  (appointed  Jan.  14,  1901) Jan.  14, 1^K)7 


Ejceaiiive  Commiltee  of  the  Board  of  Regents, 

J.  B.  Henderson,  (-hairman.  Alexander  (iuaham  Bell.. 

Robert  R.  Hitt. 
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PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  AT  THE  ANNUAL 

MEETING  HELD  JANUARY  22,  1902. 


In  accordance  with  a  resolution  of  the  Board  of  Regents,  adopted 
Januar}'^  8,  1890,  by  which  its  annual  meeting  occurs  on  the  fourth 
Wednesday  of  each  year,  the  Board  met  to-da^^  at  10  o'clock  a.  m. 

Present:  Chief  Justice  Fuller,  (Chancellor),  in  the  chair;  the  Hon. 
William  P.  Frye;  the  Hon.  S.  M.  CuUom;  the  Hon.  O.  H.  Piatt;  the 
Hon.  F.  M.  Cockrell;  the  Hon.  Robert  Adams,  jr.;  the  Hon.  Hugh 
A.  Dinsmore;  Dr.  James  B.  Angell;  the  Hon.  John  B.  Henderson; 
the  Hon.  George  Gray;  Dr.  A.  Graham  Bell;  the  Hon.  Richard  01  ney, 
and  the  Secretar}^  Mr.  S.  P.  Langley. 

EXCUSES   FOR   NONATTRNDANCE. 

The  Secretary  explained  that  Mr.  Hitt  was  unable  to  be  present 
owing  to  temporary  indisposition,  and  that  Dr.  Andrew  D.  White  was 
in  Europe. 

At  the  suggestion  of  the  Chancellor,  the  Secretary  read  the  minutes 
of  the  last  meeting  in  abstract,  and  there  being  no  ol ejection,  they 
were  declared  approved. 

APPOINTMENT   OF   REGENTS. 

The  Secretary  stated  that  Vice-President  Roosevelt  had  been 
ex-oflScio  a  member  of  the  Board,  but  that  by  reason  of  his  succession 
on  September  14,  1901,  to  the  Presidency  through  the  death  of  Presi- 
dent McKinley,  his  membership  upon  the  Board  had  ceased,  and  he 
had  become  the  presiding  officer  of  the  Institution.  In  accordance 
with  precedent,  an  invitation  had  been  extended  to  the  President  pro 
tempore  of  the  Senate,  the  Hon.  William  P.  Frye,  to  attend  the  meet- 
ing in  place  of  the  Vice-President.  The  Secretary  announced  the 
appointment  of  Senator  Francis  M.  Cockrell,  of  Misvsouri,  to  succeed 
Senator  Lindsay,  and  the  reappointment  of  Senator  S.  M.  Cullom  and 
of  Representatives  R.  R.  Hitt,  Robert  Adams,  jr.,  and  Hugh  A.  Dins- 
more,  whose  terms  had  expired. 

The  Secretary  read  a  letter  from  Mrs.  W.  L.  W^ilson  expressing 
her  thanks  for  the  engrossed  resolutions  adopted  by  the  Board  at  the 
last  meeting  on  the  death  of  her  husband,  Dr.  William  Lyne  W^ilson. 
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Xll        PROCEEDINGS  OF  THE  BOARD  OF  REGENTS. 

The  Secretary  presented  his  report  of  the  operations  of  the  Institu- 
tion for  the  fiscal  year  ending  June  30,  1901,  which  was  accepted,  and 
in  which  he  invited  the  Board's  attention  to  the  statements  concerning 
the  National  Zoological  Park,  the  International  Exchange  Bureau,  and 
the  other  interests  under  their  charge.  He  spoke  particularly  with 
regard  to  the  crowded  condition  of  the  National  Museum,  the  need  for 
additional  space  for  the  exhibition  and  care  of  the  increasing  collec- 
tions, and  the  need  of  special  action  to  secure  it. 

After  discussion,  the  following  resolution  was  adopted: 

Hesolvedf  That  a  committee  consisting  of  six  members  of  this  Board  be  app)ointed 
by  the  Chancellor,  whose  duty  it  shall  be  to  represent  to  Congress  the  pressing 
necessity  of  additional  room  for  the  proper  exhibition  of  specimens  belonging  to  the 
National  Museum,  and  of  additional  appropriations  to  carry  on  the  work  of  the 
Museum. 

The  Chancellor  appointed  as  members  of  this  committee,  Senators 
Piatt,  CuUom,  and  Cockrell,  and  Representatives  Hitt,  Adams,  and 
Dinsmore. 

Senator  Henderson,  as  chairman  of  the  executive  committee,  pre- 
sented the  annual  report  of  that  committee  for  the  fiscal  year  ending 
June  30,  1901. 

On  motion,  the  report  was  adopted. 

KKPORT   OF   THE   PERMANENT   COMMITTEE. 

Senator  Henderson,  chairman  of  the  permanent  committee,  made 
the  following  statement: 

THE   HODGKINS   FUND. 

The  Eegents  will  remember  that  in  addition  to  the  sum  of  approximately  $20S,000 
already  deposited  in  the  general  fund  constituted  by  the  Hodgkins  bequest,  and 
first-class  bonds  of  a  present  market  value  of  perhaps  $42,000,  already  in  the  custody 
of  the  institution,  a  residual  sum  of  about  $9,000  is  still  in  the  hands  of  the  executor 
of  the  estate,  and  is  deposited  with  the  New  York  Insurance  and  Trust  Company  of 
New  York  City,  by  order  of  court,  awaiting  the  decision  of  certain  suits  in  which  the 
liability  of  the  estate  of  Mr.  Hodgkins,  on  account  of  a  warranty  of  title  by  him  in 
the  transfer  of  certain  property  in  New  York  City,  is  in  question. 

One  of  the  two  small  properties  in  Elizabeth,  N.  J.,  derived  by  the  Institution 
through  the  Hodgkins  bequest,  was  sold  during  the  year,  with  the  approval  of  the 
permanent  committee,  for  $600.  The  remaining  property,  consisting  of  a  single 
house  and  lot,  the  value  of  which  is  estimated  at  $1,003,  has  been  continued  in  the 
care  of  the  n^ai  estate  agents  in  Elizabeth,  w*ho  have  been  charged  with  its  manage- 
ment for  several  years.  It  is,  in  the  opinion  of  the  permanent  committee,  desirable 
that  this  small  holding  be  likewise  disposed  of  whenever  an  opportunity  for  its  sale 
at  a  fair  price  is  presented. 

THE   AVERY   FUND. 

The  properties  received  by  the  Institution  from  the  Avery  bequest  have  been  esti- 
mated to  be  worth  $26,000.  They  are  mostly  unimproved,  and  yield  a  revenue  of 
only  about  $500  a  year.  Mrs.  Julia  N  Chase  (formerly  Miss  Julia  N.  Avery)  pre- 
sented a  claim  for  $636  against  the  Institution  on  account  of  a  slight  encroachment 
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by  one  of  the  properties  on  the  adjoining  premises  owned  by  her.  After  some  nego- 
tiation the  matter  was  adjusted  by  the  payment  to  Mrs.  Chase  of  the  sum  of  $220 
and  the  conveyance  of  the  narrow  strip  of  land  in  question  to  the  Institution.  The 
committee  recommends  that  in  case  a  fair  price  be  offered  for  any  of  these  properties 
the  Institution  dispose  of  its  holdings. 

THE    ANDREWS   BEQUEST. 

At  the  last  annual  meeting  of  the  Regents  the  specification  in  the  will  of  Wallace  C. 
Andrews,  deceased,  naming  the  Institution  as  the  residuary  legatee  of  his  estate, 
contingent  on  the  failure  of  a  bequest  for  founding  at  Willoughby,  Ohio,  an  institu- 
tion for  the  free  education  of  girls,  was  set  forth  at  some  length.  It  appears  that 
after  specific  bequests  amounting  to  $500,000  have  been  executed  a  residuum  of  at 
least  $1,000,000  will  remain.  Mr.  Hackett,  counsel  for  the  Institution,  is  in  commu- 
nication with  the  counsel  for  the  executor,  and  E<lmund  Wetmore,  Esq.,  a  member 
of  the  bar  of  the  State  of  New  York,  has  also  been  retained  to  look  after  the  interests 
of  the  Institution  in  the  matter.  The  following  extract  is  quoted  from  Mr.  Hackett's 
report  on  the  present  status  of  the  bequest,  so  far  as  it  concerns  the  Institution: 

**As  already  stated,  the  scheme  of  founding  a  young  ladies'  school  in  Ohio  is  likely 
to  prove  impracticable.  It  is  significant  that,  as  yet,  no  one  in  Ohio  has  taken  any 
steps  to  secure  the  payment  of  the  legacy.  Under  the  terms  of  the  will  certain  ofli- 
cials,  including  the  governor  of  the  State,  are  made  trustees  to  administer  this  fund. 
The  mayor  of  the  little  town  (Willoughby)  is  of  the  boanl.  This  officer  has  inquired 
of  Mr.  Hawes  as  to  what  has  been  done  in  the  premises,  but  no  active  interest  is 
exhibited  in  Ohio  for  the  reason  that  there  is  no  one  who  may  be  said  to  have  an 
interest  in  the  success  of  the  scheme." 

It  is  hoped  that  before  long  an  amicable  understanding  may  be  had  for  obtaining 
a  ruling  of  the  court  as  a  guide  to  the  executor  in  carrying  out  the  provisions  of  the 
will. 

THE  SPRAGUE   BEQUEST. 

The  attention  of  the  Regents  was  called  at  their  last  meeting  to  the  provisions  of 
the  will  of  Mr.  Joseph  White  Sprague,  who,  after  bequeathing  certain  j>ersonal 
effects  to  relatives,  directs  the  ext»cutor,  in  trust,  toconvertthepersonalty  into  money 
and  to  distribute  85  per  cent  .of  the  income  of  the  entire  estate  among  certain  devisees 
until  twenty  years  after  the  death  of  the  last  of  said  devisees,  when  the  trust  will 
expire  by  limitation  and  all  assets  in  the  hands  of  the  trustee  will  be  conveyed  to  the 
United  States  of  America  in  accordance  with  the  following  paragraph  in  the  will: 

"When  the  trust  herein  created  expires  by  limitation,  as  aforesaid,  then  all  dis- 
tribution of  the  income  of  the  trust  property  is  to  cease,  and  said  trustee  is  instructed 
and  directed  to  assign  and  make  over  by  proper  conveyance  all  trust  property  in  his 
possession,  whether  real  or  personal,  investe<i  or  uninvested,  to  the  United  States  of 
America,  to  be  held  by  said  United  States  as  a  portion  of  the  funds  of  the  Smithson- 
ian Institute,  to  be  known  as  the  *  Sprague  fund,*  the  income  of  this  fund  to  be  used 
an  follows:  One-half  of  said  income  in  each  year  to  be  added  to  the  principal.     The 
other  half  of  sai<l  income  is  to  l)e  fjxpended,  imder  the  direction  of  the  officers  of  the 
said  Institute,  in  such  manner  as  will  in  their  judgment  best  promote  the  advance- 
ment of  the  physical  s(;iences,  either  by  arranging  for  the  giving  of  free  lectures,  on 
scientific  subjects,  in  different  cities  and  towns  of  the  said  United  States,  or  by  pro- 
viding for  original  scientific  research  in  the  laboratory  and  otherwise,  or  by  the  pub- 
lication of  the  results  of  original  scientific  researches,  or  by  offering,  from  time  to 
tinie,   rewanlfl  or  medals,   for  meritorious  discoveries,  or  liy  any  or  all  of  these 
methods,  aa  in  their  judgment  may  seem  l)est.     The  half  of  the  gross  income  thus 
aiithonzed  to  be  expended  annually  is  to  l)e  cumulative,  so  that  the  portion  of  it 
unexpended  during  any  one  year  may  l)e  expended  during  any  sul)sequent  year  or 
yean»." 
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Although  the  time  at  which  tlie  Institution  will  derive  any  profit  from  the  above 
l^acy  may  reasonably  be  assumeci  to  be  somewhat  remote,  it  is  believed,  if  the  news- 
paper estimate  of  $200,000  l)e  even  approximately  accurate,  that  the  amount  of  the 
fund  which  will  accrue  to  the  Institution  will  not  be  inconsiderable.  At  present 
there  would  seem  to  be  no  further  duty  imposed  upon  the  Institution  than  to  see 
that  the  property  is  accounted  for  and  is  held  in  safe  hands. 

On  motion,  the  report  was  accepted. 

Senator  Henderson,  as  chairman  of  the  executive  connnittee,  pre- 
sented the  following  resolution,  which  was  adopted: 

Reeolvedy  That  the  income  of  the  Institution  for  thQ  fiscal  year  ending  June  oO, 
1903,  be  appropriate<l  for  the  service  of  the  Institution,  to  be  expended  by  the  Sihj- 
retary,  with  the  advice  of  the  executive  committee,  with  full  discretion  on  the  part 
of  the  Secretary  as  to  items. 

REMOVAL   OF   SMITHSON'h   REMAINS. 

The  Secretary  recalled  to  the  Board  the  resolution  adopted  by  it 
at  the  last  meeting  with  regard  to  the  removal  of  the  remains  of 
James  Smithson.  The  wishes  of  the  Board  were  communicated  to 
one  of  the  officers  of  the  English  church  at  Genoa,  Mr.  E.  A.  Le 
Mesurier,  who,  under  date  of  December  23,  1901,  replied  in  part  as 

follows: 

4(  «  «  «  «  «  * 

You  are  aware  that  our  hojK*  is  eventually  to  obtain  for  otir  countrymen  a  separate 
l)uryinj?  place  which  by  an  easy,  arnl  I  may  say  obvious,  arrangement  might  Im 
made  to  give  shelter  not  merely  to  British  subjects,  but  to  American  also.  I  regret 
to  say,  however,  that  I  see  no  chance  for  the  present  of  this  most  desirable  consum- 
mation, as  the  authorities  (api)arently  in  consequence  of  the  difficulty  «f  finding  an 
alternative  site)  have  withdrawn  their  offer  of  providing  us  with  a  fresh  cemetery  if 
we  allowed  them  to  transfer  at  once  all  remains  from  S^n  Benigno,  where  your  founder 
reste.  The  i)resent  policy  of  the  authorities  is  presumably  to  let  things  remain  as  they 
are  until  the  time  comes  (thre<^  years  or  so  hence)  when  the  law  of  public  utility 
will  strengthen  their  hands  as  to  taking  j)08ses8ion  of  the  San  Benigno  grouncl,  of 
courm^  under  the  obligation  of  transporting  the  remains  elsewhere,  which  would  in 
all  probability  mean  a  portion  of  the  general  Protestant  Cemetery  and  not  a  separate 
place  of  interment.  When  the  time  for  the  transfer  approaches  it  will  lie  obviously 
exptnlient  to  apply  to  the  British  amlmssador  at  Rome  (l">acked  up  as  we  are  con- 
fident will  l>e  the  case  by  the  friendly  offices  of  the  rei>re8entative  of  the  Unite<l 
8tatt»s)  to  put  the  case  l)efore  the  Italian  Government,  so  that  the  kx»l  authorities 
may  U*  enjoine<l  to  carry  <mt  the  prcx*ess  with  all  due  reverence  and  if  possible  (oh 
it  ought  to  be  iHissible)  to  a  specially  reserved  new  cemetery.  Our  consul  is  mos^t 
fully  alive  to  the  im|wrtance  of  diplomatic  support  and  will  take  the  initiative  in 
due  course. 

Mr.  liell  here  said  that  he  would  like  very  mu<!h  to  have  in  tho 
record  that  he  had  presented  to  the  Board  at  the  hist  meetin|r  his 
strong  feeling  that  the  remains  of  Smithson  should  be  brought  to  this 
countrv. 

The  Secretary  informed  Mr.  liell  that  his  remarks  were  now  on  the 
written  record. 
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•ve  SANTA   FE   PATJkCE. 

VJr 

he  The  Secretary  said  that  the  governor  of  New  Mexico  had  offered  to 

'"^  transfer  to  the  Institution  an  ancient  Spanish  palace  in  Santa  Fe,  on 
condition  that  it  be  maintained,  without  cost  to  the  State,  as  a  museum 
of  the  archaeology  of  the  Southwest.  After  discussion  the  Board 
decided  that  it  was  inadvisable  to  accept  the  proposition. 
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The  Secretary  said  that  since  the  foundation  of  the  Smithsonian 
Institution  there  had  perhaps  o<*curred  no  event  of  more  importance 
to  it  than  the  foundation  of  a  new  institution — the  Carnegie  Institu- 
j  tion — whose  declared  aims  and  general  purposes  were  nearly  those 
j  which  the  Institution  has  hitherto  considered  its  own.  Mr.  Carnegie 
it  i  invited  the  Secretary  of  the  Smithsonian  to  become  a  member  of  the 
3f    j  board  of  trustees  for  the  management  of  this  fund,  in  the  following 

to    I  letter: 

I 

Decemdek  27,  1901. 

Dear  Sir:  I  am  alx)Ut  to  transfer  ten  millions  of  5  i>er  cent  bonds  to  a  Ixxiy  of 
trustees  for  the  purjKjses  described  in  the  inclosed  imfjer.  A  list  of  the  trustees 
selected  is  also  inclosed. 

It  will  be  a  source  of  much  pleasure  to  me  if  you  will  kindly  consent  to  serve. 

Truly  yours, 

Andrew  Carneiiie. 
•et     I      The  Secretary  of  the  Smithsonian  Ixstitition. 
t 
J        The  letter  was  accompanied  by  a  list  of  the  trustees  and  by  a  state- 

if  I  ment  of  the  considerations  which  led  to  the  establishment  of  the  foun- 

er  A  dation.     The  Secretary  read  the  articles  of  incorporation  of  the  new 

?y    ^institution,  and  stated  that  after  conference  with  the  Chancellor  and 

^-    j^^  the  chairman  of  the  executive  committee,  he  had  accepted  the  trustee- 

.^    i  ship  in  the  following  terms,  conditionally  on  the  approval  of  the  board: 

te  December  31,  1901. 

iy  J      Drak  Sir:  I  beg  to  acknowletlge  the  receipt  of  your  communication  of  the  27th 

u-  :\  instant,  with  the  accompanying  papers  outlining  the  general  purpose  of  an  institution 

jil  I  or  establishment  which  you  propose  to  found  in  the  city  of  Washington  for  the 

^  ieneouragement  of  research  and  kindred  purposes,  and  also  inclosing  a  list  of  i>roposed 

ifi  Rrustees,  in  which  you  are  good  enough  to  nauie  the  Secretary  of  the  Smithsonian 

at  t  Institution  as  an  ex  officio  member. 

in  i      It  will  give  me,  personally,  great  pleasure,  with  the  consent  of  the  Regents,  to 

1  accept  membership  upon  this  board,  and  I  desire  to  express  my  sense  of  warm  recog- 

j  nition  of  the  large  purposes  which  have  inspired  you  to  make  this  noble  l^enefaction. 

[  !  I  accept  Buch  meml)er8hip  in  the  absence  of  knowledge  as  to  details,  but  in  the  full 

'"^  1  confidence  of  a  sympathy  with  your  general  purpose. 

is  I               Very  respectfully,  yours,                                                        S.  P.  Lanolev, 

,  SecreUirif. 

I      Andrew  Carneoie,  Esq., 

Ab.  5  West  Fiftyfiflh  Street,  New  York  City. 
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He  then  stated  certain  considei-ations  with  regard  to  the  relationship 
of  the  Smithsonian  Institution  to  the  Carnegie  Institution,  and  asked 
for  an  expression  of  the  opinions  of  the  Regents  for  his  instruction. 
After  discussion  it  was  announced  as  the  sense  of  the  Board  that  the 
Secretary  should  accept  the  trusteeship  unfettered  by  instructions. 

PUBLICATIONS  OF  THE   INSTITUTION. 

The  Secretary  called  the  attention  of  the  Board  to  the  exhibition  of 
Reports  and  other  publications  which  had  been  issued  by  the  Institu- 
tion during  the  year. 

The  Secretary  then  spoke  of  the  affairs  of  the  Bureau  of  Ethnology, 
and  of  the  Astrophysical  Observatory,  whose  first  volume  of  the 
Annals  he  exhibited.  With  regard  to  the  Observatory,  the  Secretary 
said  further  that  Congress  had  asked  for  a  report  of  the  appropria- 
tions granted  it  and  of  the  results  obtained.  Such  a  report  had  been 
submitted  at  the  beginning  of  the  session,  and  had  been  oixlered 
printed.  It  included  the  Annals  above  referred  to,  and  he  had  been 
enabled  to  add  a  number  of  commendatory  letters  from  eminent  men 
of  science,  such  as  Sir  George  Stokes,  Liord  Rayleigh,  Lord  Kelvin, 
Sir  AVilliam  Huggins,  Sir  Robert  Ball,  Prof.  Simon  Newcomb,  Prof. 
E.  C.  Pickering,  Prof.  G.  E.  Hale,  and  others. 

There  being  no  further  business  to  come  before  the  Board,  on 
motion  the  meeting  adjourned. 


REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION 

For  the  Year  Ending  June  30,  1902. 


T(f  the  Board  of  Regents  of  the  Sniitltsonian  Institution: 

Your  Executive  Committee  respectfully  submits  the  following 
report  in  relation  to  the  funds  of  the  Institution,  the  appropriations 
by  Congress,  and  the  receipts  and  expenditures  for  the  Smithsonian 
Institution,  the  U.  S.  National  Museum,  the  International  Exchanges, 
the  Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the 
Astrophysical  Observatory  for  the  year  ending  June  30,  1902,  and 
balances  of  former  3^ ears: 

SMITHSONIAN   INSTITUTION. 

Condition  of  the  Fund  July  i,  1902, 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the 
Treasury  of  the  United  States,  according  to  act  of  Congress  of 
August  10,  1846,  was  $515,169.  To  this  was  added  by  authority  of 
Congress,  February  8,  1867,  the  residuary  legacy  of  Smithson,  savings 
from  income,  and  other  sources,  to  the  amount  of  $134,831. 

To  this  also  have  been  added  a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  $1,000;  a  bequest  of  Dr.  Simeon  Habel,  of  New 
York,  of  $500;  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,500; 
a  gift  from  Thomas  G.  Hodgkins,-  of  New  York,  of  $200,000  and 
$8,000,  being  a  portion  of  the  residuary  legacy  of  Thomas  G.  Hodg- 
kins, and  $1,000,  the  accumulated  interest  on  the  Hamilton  bequest, 
making  in  all,  as  the  permanent  fund,  $912,000. 

The  Institution  also  holds  the  additional  sum  of  $42,000,  received 
upon  the  death  of  Thomas  G.  Hodgkins,  in  registered  West  Shore 
Railroad  4  per  cent  bonds,  which  were,  by  order  of  this  committee, 
under  date  of  May  18,  1894,  placed  in  the  hands  of  the  Secretary  of 
the  Institution,  to  be  held  by  him  subject  to  the  conditions  of  said 
order. 
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StatemnU  of  rrreipfs  and  exjtriiditnres  from  July  i,  1901  y  to  June  30,  1902, 

KEX^EIPTS. 

C'a«h  on  hand  July  1 ,  1901 $83, 963. 26 

Interest  on  fund  July  1,  1901 $27, 360. 00 

Interest  on  fund  Jan.  1,  1902 27,  360. 00 

54,720.00 

Interest  to  Jan.  1,  1902,  on  West  Shore  bonds 1, 680. 00 

$140, 363.  26 

Cash  from  sales  of  publications 301 .  85 

Cash  from  repayments,  freight,  etc. 10, 109. 24 

10, 411. 09 

Total  rtHteiptrt 150,  774. 35 

EXPENDITrRES. 

Building: 

Repairs,  cure,  and  im[)rovements $8, 311 .  67 

Furniture  and  fixtures 2, 604.  32 

$10, 915. 99 

General  expenses: 

Postage  and  telegra])}i 185. 36 

Stationery 1 ,  128.  03 

Incidentals  ( fuel,  gas,  etc. ) 4, 851. 29 

Library  (books,  periodicals,  etc.) 2,593.22 

Salaries" 23, 144. 93 

Gallery  of  art 127.  43 

Meetings 269. 49 

32,299.75 

Publications  and  researches: 

Smithsonian  contributions 16. 00 

Miscelloneous  collections 2,  250. 15 

Reports 2, 548. 05 

Researches 5, 497. 63 

Apparatus 1, 173. 29 

Hodgkins  fund 4, 928.  52 

Bell  and  Kidder  funtl 5, 565.  75 

21 ,  979.  39 

Literary  and  stuentific  exchanges 4, 458. 31 

09, 653. 44 

Balance  unexi)ended  June  :^0,  1902 81, 120, 91 

The  cash  received  from  the  sale  of  publications,  from  repayments, 
freights,  etc.,  is  to  Ix)  credited  to  the  items  of  expenditure,  as  follows: 

Smithsonian  contributions $28.  70 

Miscellaneou.s  collections 232. 49 

Reports 40.  <56 

$301.86 

Exchanges 6, 463. 49 

Incidentals 2, 145.  75 

Researches 1 ,  500. 00 

$10,411.09 

^ In  addition  to  the  alxne  $23,144.93,  paid  for  salaries  under  general  expenses, 
$11,056.05  were  iMiid  for  serWi»es,  viz,  $4,036.31  charged  to  building  account, 
$1,030.50  to  furniture  and  fixtures  account,  $2,722.38  to  researches  account, 
$1,387.62  to  Ii])rary  account,  $853.78  to  apparatus  account,  and  $1,025.46  to  Hodg- 
kins-funfi  account. 
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The  net  expenditures  of  the  Institution  for  the  year  ending  June 
30,  1902,  were  therefore  $59,242.35,  or  $10,411.09  less  than  the  gross 
expenditures,  $69,653.44,  as  above  stated. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
sales,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are 
deposited  with  the  Treasurei*  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
on  th^  Treasurer  of  the  United  States. 

Your  committee  also  presents  the  following  statements  in  regard  to 
appropriations  and  expenditures  for  objects  intrusted  by  Congress  to 
the  <aire  of  the  Smithsonian  Institution: 

Detailed  sfatemeni  of  disbursements  from  appropriations  committed  by  Congress  to  the  care 
of  the  Smithsoman  Institution  for  the  fiscal  year  ending  June  SO,  1902,  and  from  bal- 
ances of  former  years. 

INTERNATIONAL  EXCHANGES,  SMITHSONIAN  INSTITUTION,  1902. 

RECEIPTS. 

Appropriatetl  by  Congress  for  the  fiscal  year  ending  June  30,  1902,  "for 
expenses  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessary 
employees  and  the  purchase  of  necessary  books  and  periodicals" 
(sundry  civil  act,  March  3,  1901) $24,000.00 


DIRBURSBMENTS. 

[From  July  1, 1901,  to  June  80, 1902.] 

Salaries  or  compensation: 

acting  curator,  12  months,  at  $225 $2, 700. 00 

chief  clerk,  12  months,  at  $183.33 2, 199. 96 

clerk,  12  months,  at  $150 1, 800. 00 

clerk,  12  months,  at  $125 1 ,  500. 00 

clerk,  2  months,  at  $125 250. 00 

clerk,  12  months,  at  $108.33 1, 299. 96 

clerk,  12  months,  at  $80 960. 00 

clerk,  12  months,  at  $50 600. 00 

stenographer,  12  months,  at  $100 1, 200. 00 

660.00 

660.00 

2.25 

540.00 

2.00 

.-. 5.25 

5.25 

1.50 

6.00 

258.75 

104.52 

87.10 


packer,  12  months,  at  $55 

workman,  12  months,  at  $55 

skilled  laborer,  1  day,  at  $2.25 

laborer,  12  months,  at  $45. .   

laborer,  1  day,  at  $2 

laborer,  3i  days,  at  $1.50 •. 

laborer,  3i  days,  at  $1.50 

laborer,  1  day,  at  $1.50 

laborer,  4  days,  at  $1.50 

messenger,  7  months  and  11  days,  at  $35 

messenger,  3  months  and  15  days,  at  $30 

messenger,  3  months  and  15  days,  at  $25 

messenger,  8  months  and  5^  days,  at  $25;  3}  months, 
at  $30 


309.44 


XX  REPORT   OF   THE   EXECUTIVE    C03£M1TTEE. 

Saiarift*  or  (f»m|ieiMatir>n — Omtiiiaei]. 

1  i-arpenter,  15  day?*,  at  J^i $45. 00 

1  carjienter,  2  rlayp,  a$3 6. 00 

1  rleaner,  157  day«,  at  $1 157. 00 

1  agent,  f>  nionthH,  at  $91.66i 550.00 

1  aisent,  6  nionthn,  at  $50 300. 00 

1  agent,  6  month;*,  at  $15 90. 00 

Total  Malarief!  r>r  cr>nipenflation 16, 299. 98 

(rcntral  exf>en««: 

Boxe« $704.25 

BcKikH 6.  75 

Freight 4,703.83 

Fnmiture 31. 00 

Stationery 223.21 

Supplien 57. 97 

Travel 1 7. 00 

5,744.01 


Total  <liHbiirHenient*< $22,043.99 


Balance  July  1,  1902 1,956.01 

IVTERXATION AL  EXCHANGES,  SMITHSONIAN  INSTITITION.  1901. 

Balance  July  1,  1901,  ae  jier  last  report $2,935.71 

DIHBURSEME.NTS. 

General  exfienneH: 

hof}kt* $51.00 

Boxen 476.  75 

Freight 1,601.42 

Furniture 245.  75 

Postage 187.71 

Stationery 270.78 

Huppliei* 78.  75 

Total  iliHlmruenient** 2, 912. 16 

Balance  July  l,19(r2 23.55 

INTERNATIONAL  EXCHANGES,  SMITHSONIAN  INSTITI'TION,  1900. 

Balance  July  1,  1901,  as  jier  last  rejwrt $53. 90 

Balan<'e  («rrieil,  under  provisions  of  Revised  Statutes,  section  3080,  by  the  Treas- 
ury Department  to  the  credit  of  the  surplus  fund,  June  IW,  1902. 

AMEKI<;AN  ETHNOWKJV,  SMITHSONIAN  INSTITUTION,  1902. 

KBLTEIPTH. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1902,  **for 
continuing  ethnological  researches  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  comf)ensatioii  of  all  necc^ssary  employees  and  the,  purchase  of  neces- 
sary l>ooks  and  pericKlic^als,  dfty  thousand  dollars,  of  which  sum  not 
excetnling  one  thousand  five  hundred  dollars  may  Ih»  used  for  rent  of 
Imilding"  ( sundry  civil  act,  March  3,  1901 ) $50, 000. 00 

The  a(*tnal  ccmduct  of  these  investigations  has  )»een  continue<l  by  the  Secretary  in 
the  hands  of  Maj.  J.  W.  Powell,  director  of  the  Bureau  of  Ameritiin  P^thnology. 


1 
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DI8BUR8EMENTK. 

Salaries  or  compensation: 

1  director,  12  months,  at  $375 $4,500.00 

1  ethnologist,  in  charge,  12  months,  at  $333.33 3, 999. 96 

1  ethnologist,  12  months,  at  $200 2,400.00 

1  ethnologist,  12  months,  at  $166.67 2, 000. 04 

1  ethnologist,  12  months,  at  $166.67 2, 000. 04 

1  ethnologist,  12  months,  at  $133.33 1, 599. 96 

1  ethnologist,  2i  months,  at$125 312.50 

1  ethnologist,  12  months,  at  $125 1,500.00 

1  ethnologist,  12  months,  at  $125 1, 500. 00 

assistant  ethnologist!^  "^^"^I^«'  *^  f  251 ^  3^^^  0^, 

(6  months,  at  $100J 

1  assistant  ethnologist,  12  months,  at  $75 900. 00 

1  illustrator,  12  months,  at  $166.67 2, 000. 04 

1  clerk,  3  months,  at  $125 375. 00 

1  clerk,  7  months,  at  $100 700. 00 

1  clerk,  12  months,  at  $100 1, 200. 00 

1  clerk,  12  months,  at  $100 1, 200. 00 

1  clerk,  4i  months,  at  $83.33 374. 98 

1  clerk,  12  months,  at  $75 900. 00 

1  editor,  4  months,  at  $100 400. 00 

1  librarian,  12  months,  at  $75 900.00 

1  skilled  laborer,  12  months,  at  $60 720. 00 

1  lalwrer,  12  months,  at  $60 720. 00 

1  laborer,  12  months,  at  $45 540.00 

1  laborer,  225  days,  at$1.50 337.50 

1  messenger,  12  months,  at  $50 , 600.00 

Total  salaries  or  compensation 3i?,  030. 02 

General  expenses: 

Books  and  binding $1,401.78 

Drawings  and  illustrations 690. 50 

Freight 80.43 

Furniture 25.  75 

Lighting 125.86 

Manuscript 1, 401. 99 

Miscellaneous 111.  55 

Postage,  telegraph,  and  telephones 67. 50 

Rental 1,375.00 

Special  8er\'icea 1,  788. 50 

Specimens 2, 920. 25 

Stationery 731.07 

Supplies 586.20 

Traveling  and  field  exi)enHes 2, 687. 42 

13,993.80 

Total  disbureemente 47,023.82 

Balance  July  1,1902 2,976.18 

AMERICAN  ETHNOLOGY,  1901. 

Balance  July  1,1901,  as  per  last  report $2,684.69 
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DIHBrRSEMBNTB. 

General  expeii^ef^: 

Books  and  binding $201. 05 

Drawings  and  illustrations 104. 31 

Electricity 33.93 

Freight 160.19 

Manuscript 330.00 

MisoellaneouH 16. 89 

Postage  and  telegraph 15. 62 

Semces 27.00 

Special  sen'ices 34. 00 

Specimens 1,057.90 

Supplies 257.83 

Traveling  and  field  expenses 444. 04 

Total  disburaements $2,682.76 


Balance  July  1,1902 1.93 

AMERICAN  ETHNOLCKiV.  1900. 

Balance  July  1,  1901,  as  per  last  report $5. 19 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treas- 
ury Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

.VATIOXAL  MrSEFM— PRESERVATION  OF  CTOLLECTIONS.  1902. 

RBCBIPTR. 

Appropriation  by  ("ongress  for  the  fiscal  year  ending  June  30, 1902,  "for 
continuing  the  prenervation,  exhibition,  and  increase  of  the  collec- 
tions from  the  sur\'eying  and  exploring  expeditions  of  the  Govern- 
ment, and  from  other  sources,  including  salaries  or  compensation  of 
all  necessary  employees,  $180,000,  of  which  sum  $5,500  may  be  used 
for  necessary  drawings  and  illustrations  for  publications  of  the  National 
Museum,  and  all  other  necessary  incidental  expenses"  (Sundry  civil 
act,  March  3,  1901) $180,000.00 

RXPEXnm^RBB. 
[July  1.  1901,  to  June  aO,  1902.] 

Salaries  or  compensation $161, 882. 99 

Special  services 1 ,  815. 55 

Total  services $163,698.54 

Miscellaneous: 

Drawings  ami  illustrations $2, 147. 05 

Supplies 3,505.39 

Stationery 1,753.18 

Travel 1,919.22 

Freight 1,266.84 

Total  mis<«ellaneous 10, 591. 68 


Total  exiienditures 174, 290. 22 

Balamv  July  1,  1902,  to  meet  outstanding  liabilities 5, 709. 78 
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Analysis  of  expenditures  for  salariejf  or  rompenstiiion. 
[July  1, 1901,  to  June  30, 1902.] 

Scientific  staff: 

assistant  secretary,  12  months,  at  $258. 3:^ $3, 099. 96 

bead  curator,  12  months,  at  $291.66 3, 499. 92 

head  curator,  12  months,  at  $291.66 3, 499. 92 

head  curator,  12  months,  at  $291.66 3,499. 92 

curator,  12  months,  at  $200 2, 400. 00 

curator,  12  months,  at  $200 2, 400. 00 

curator,  12  months,  at  $200 2, 400. 00 

curator,  12  months,  at  $200 2, 400. 00 

curator,  9  months  22  days,  at  $175 1, 703. 33 

assistant  curator,  12  months,  at  $150 1, 800. 00 

assistant  curator,  12  months,  at  $150 1,800.00 

assistant  curator,  12  months,  at  $150 1, 800. 00 

assistant  curator,  12  months,  at  $150 1, 800. 00 

assistant  curator,  12  months,  at  $150 1,800.00 

assistant  curator,  12  months,  at  $133.33 1, 599. 96 

assistant  curator,  12  months,  at  $133.33 1, 599. 96 

assistant  curator,  12  months,  at  $125  . . .  ^ 1, 500. 00 

assistant  curator,  12  months,  at  $116.66 1 ,  399. 92 

assistant  curator,  12  months,  at  $116.66 1, 399. 92 

assistant  curator,  12  months,  at  $116.66 1, 399. 92 

second  assistant  curator,  9  months  18  days,  at  $100 958. 06 

aid,  12  months,  at  $100 1, 200. 00 

aid,  12  months,  at  $100 1, 200. 00 

aid,  2  months  9  days,  at  $100 230. 00 

aid,  11  days,  at  $100 36. 67 

aid,  12  months,  at  $83.33 999. 96 

aid,  12  months,  at  $83.33 999.96 

aid,  12  months,  at  $83.33 999. 96 

aid,  5  months,  at  $83.33;  7  months,  at  $75 941 .  65 

aid,  12  months,  at  $75 900. 00 

aid,  3  months,  at  $60 180. 00 

aid,  2  months  24  days,  at  $60 168. 00 

aid,  5  months  16 days,  at  $60;  4  months  15  days,  at  $50.  555. 16 

aid,  1  month  15  days,  at  $60 89. 03 

aid,  12  months,  at  $50 600. 00 


Preparators: 

photographer,  12  months,  at  $175 2, 100. 00 

modeler,  10  months  27  days,  at  $100 1, 087. 96 

modeler,  59  days,  at  $3 177.  00 

osteologist,  12  months,  at  $90 1, 080.  00 

artist,  1  taonth  14  days,  at  $125 187.50 

preparator,  14  days,  at  $100 46. 67 

preparator,  11  months  27  days,  at  $90 1, 071. 00 

preparator,  12  months,  at  $85 1, 020. 00 

preparator,  12  months,  at  $85 1 ,  020. 00 

preparator,  12  months,  at  $80 960. 00 

preparator,  12  months,  at  $75 900. 00 

preparator,  12  months,  at  $70 840. 00 

preparator,  12  months,  at  $45 540. 00 

•preparatf^r,  1  month  12  days,  at  $40 55.  48 


$52,861.18 
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Preparatora — Continued. 

preparator,  1  month,  at  $40 $40. 00 

acting  chief  taxidermist,  12  months,  at  $125 1, 500. 00 

taxidenniBt,  12  months,  at  $100 1, 200. 00 

taxidermist,  2  months  9  days,  at  $90 207. 00 

taxidermist,  3  months  2  days,  at  $75 229. 84 

taxidermist,  11  months  19  days,  at  $60 698. 00 

Clerical  staff: 

administrative  assistant,  4  months  14  days,  at  $291.66 .  1, 312. 47 
chief  clerk,  3  months,  at  $208.34;  5  months  19  days, 

at  $208. 33 1 ,  794.  36 

acting  chief  clerk,  8  months,  at  $125 1, 000. 00 

editor,  12  months,  at  $167 2, 004. 00 

chief  of  division,  12  months,  at  $200 2, 400.  00 

registrar,  12  months,  at  $167 2, 004. 00 

disbursing  clerk,  12  months,  at  $1 16.67 1, 400. 04 

assistant  librarian,  12  months,  at  $133.33 1, 599. 96 

finance  clerk,  12  months,  at  $125 1, 500. 00 

stenographer,  6  months,  at  $175;  6  months,  at  $166.66.  2, 049. 96 

stenographer,  12  months,  at  $90, 1, 080. 00 

stenographer  and  typewriter,  4  months,  at  $125 500. 00 

stenographer  and   typewriter,  6  months,   at  $100;  6 

months,  at  $85 1, 110. 00 

stenographer  and  typewriter,  8  months,  at  $83.83;  4 

months,  at  $75 966. 64 

stenographer  and  typewriter,  12  months,  at  $50 600. 00 

stenographer  and  typewriter,  8  months  36  days,  at  $50.  458. 65 

stenographer  and  typewriter,  7  months  6  days,  at  $50.  360. 00 

stenographer  and  typewriter,  3  months  2  days,  at  $50 .  153.  23 

stenographer  and  typewriter,  26  days,  at  $50 41. 94 

typewriter,  12  months,  at  $85 1, 020. 00 

typewriter,  12  months,  at  $70 840. 00 

typewriter,  12  months,  at  $65 780. 00 

typewriter,  6  months  21  days,  at  $45 300. 48 

typewriter,  4  months  19  days,  at  $45 ,   208. 50 

clerk,  12  months,  at  $125 1, 500. 00 


clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 
clerk 


6  months,  at  $125 750. 00 

12  months,  at  $115 1, 380. 00 

12  months,  at  $100 1,  200.  00 

12  months,  at  $100 1,  200. 00 

12  months,  at  $100 1, 200. 00 

9  months,  at  $100 900. 00 

8  months,  at  $100;  4  months,  at  $80 1, 120. 00 

3  months,  at  $83.33 249. 99 

12  months,  at  $75 900. 00 

12  months,  at  $75 900. 00 

12  months,  at  $75 900. 00 

12  months,  at  $75 900. 00 

12  months,  at  $75 900. 00 

3  months,  at  $75 225. 00 

3  months  15  days,  at  $55 226. 45 

12  months,  at  $60 720. 00 

12  mouths,  at  $60 720. 00 


$14, 960. 45 
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Clerical  staff — Continued. 

clerk,  12  months,  at  $60 $720.00 

clerk,  12  months,  at  |60 720. 00 

clerk,  12  months,  at  $60 720. 00 

clerk,  12  months,  at  $60 720. 00 

clerk,  1  month,  at  $60 60. 00 

clerk,  12  months,  at  $55 660. 00 

clerk,  »  months,  at  $55 495. 00 

clerk,  2  months  29  days,  at  $55;  1  month  82^  days,  at 

$50 346.  a5 

clerk,  12  months,  at  $50 600. 00 

clerk,  12  months,  at  $50 600. 00 

clerk,  8  months,  at  $50 400. 00 

clerk,  7  months  16  days,  at  $50 .'. . .  375. 81 

clerk,  12  months,  at  $40 480.00 

clerk,  12  months,  at  $40 , 480. 00 

clerk,  10  months  18  days,  at  $40 423. 23 

clerk,  2  months,  at  $40 80. 00 

clerk,  18Jdays,  at  $40 23.87 

clerk,  12  months,  at  $35 420. 00 


Buildings  and  labor: 

superintendent,  4  months,  at  $250 

general  foreman,  12  months,  at  $122.50. 
foreman,  12  months,  at  $50. 


lieutenant  o 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

wati'hman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 

watchman 


watch,  12  months,  at  $70. 

2  months,  at  $65 

2  months,  at  $60 

2  months,  at  $60.. 

2  months,  at  $60 

2  months,  at  $60 

2  months,  at  $60 

2  months,  at  $60 

2  months,  at  $60 

2  months,  at  $60 

2  months,  at  $60 

1  months  6  days,  at  $60  . . 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

2  months,  at  $55 

0  months  35  days,  at  $55  . 
0  months  5  days,  at  $55  . . 

0  months,  at  $55 

»  months  17  days,  at  $55  . . 

months  5  days,  at  $55  . . . 

months  8  days,  at  $55  . . . 

month  12  days,  at  $55 . . . 

2  months,  at  $40 


1,000.00 
1,470.00 
600.00 
840.00 
780.00 
720.00 
720.00 
720.00 
720.00 
720.00 
.  720.00 
720.00 
720.00 
720.00 
672.00 
660.00 
660.00 
660.00 
660.00 
660.00 
660.00 
660.00 
660.00 
660.00 
613. 39 
558.87 
550.00 
305.16 
229.82 
124.67 
76.29 
480.00 


$49, 699. 63 


XXVI 


REPORT   OF   THE    EXECUTIVE   COMMITTEE. 


Bnilr 


ingB  and  labor — CV>ntinue<l. 

Bkilied  laborer,  12  iiionth><,  at  $55 $660. 00 

skilled  lalx>rer,  12  monthn,  at  $50 

skilled  laborer,  12  months,  at  $40 

skilled  lat)orer,  1  month  16  days,  at  $40 

workman,  313  days,  at  $1 .50 

laborer,  5  months,  at  $60;  7  months,  at  $50 

laborer,  12  months,  at  $50 

laborer,  12  months,  at  $50 

laborer,  12  months,  at  $45 

laborer,  6  months,  at  $45;  158  days,  at  $1.50 

laborer,  14  days,  at  $45 

laborer,  12  months,  at  $40 

laborer,  12  months,  at  $40 

laborer,  12  months,  at  $40 

laborer,  12  months,  at  $40 

laborer,  11  months  28  days,  at  $40 

laborer,  3  months,  at  $40;  171  days,  at  $1 .50 

laborer,  2  months  2fti  days,  at  $40 

laborer,  2  months  19  days,  at  $40 

laborer,  24  days,  at  $40 

laborer,  21  days,  at  $40  ...   

lalxjrer,  15  days,  at  $40 

laborer,  12  months,  at  $35 

laliorer,  2  months  46  days,  at  $:i5 

laborer,  3  months  30  days,  at  $30 

laborer,  2  months  30  days,  at  $33.33 

lalx>rer,  10  months  3  days,  at  $25 

laborer,  5  months  101  days,  at  $25 

lal)orer,  2  months  6  days,  at  $25 

laborer,  1  month,  at  $25 

laliorer,  8  .months  4  days,  at  $20 

laborer,  27  months  2  days,  at  $20 

laborer,  2  months  6  days,  at  $20 

lalx>rer,  26  clays,  at  $2 

lal)orer,  34  days,  at  $1.75 

lalK)rer,  360  days,  at  $1.50 

laborer,  325  days,  at  $1.50 

la>x)rer,  318i  days,  at  $1.50 

laborer,  318J  days,  at  $1.50 

laborer,  317  days,  at  $1.50 

laborer,  315  days,  at  $1.50 

laborer,  315  days,  at  $1.50 

laborer,  3141  days,  at  $1.50 

lalK)rer,  313  days,  at  $1.50 

laborer,  313  days,  at  $1.50 

laborer,  313  days,  at  $1.50 

laborer,  313  days,  at  $1.50 

laborer,  311  days,  at  $1.50 

laborer.  311  days,  at  $1.50 

laljorer,  310  Jays,  at  $1 .50 

laborer,  3091  days,  at  $1.50 

lalwrer,  155  days,  at  $1.50 

laborer,  137  days,  at  $1,50 


600.00 

480.00 

60.65 

469.50 

650.00 

600.00 

600.00 

540.00 

507.00 

20.32 

480.00 

480.00 

480.00 

480.00 

477.33 

379.50 

119.33 

104. 52 

32.00 

28.00 

19.35 

420.00 

122.67 

120.48 

98.92 

262.42 

208.26 

55.00 

25.00 

162.58 

58.00 

*  44.00 

52.00 

59. 50 

540.00 

487.50 

477.  76 

477.  75 

475. 50 

472. 50 

472.50 

471.75 

4<;9. 50 

469.50 

469.50 

469.50 

466.50 

466.50 

465.00 

46:^.88 

232. 50 

2a5. 50 
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Buildings  and  labor — Continued. 

1  laborer,  105  days,  at  11.50 $157. 50 

1  laborer,  62  days,  at  $1.50 93.00 

1  laborer,  52  days,  at  $1.50 78. 00 

1  laborer,  40  days,  at$1.50 60.00 

1  laborer,  46  days,  at^l.50 69.00 

1  laborer,  46  days,  at  $1,50 69. 00 

1  laborer,  27  days,  at  $1.50 40. 50 

1  laborer,  29  days,  at  $1.50 43. 50 

1  laborer,  18  days,  at  $1.50 27. 00 

1  laborer,  17  days,  at  $1.50 25.50 

1  laborer,  17  days,  at  $1.50 25. 50 

1  laborer,  15  days,  at$1.50 22.50 

1  laborer,  12  days,  at$1.50 18.00 

1  laborer,  10  days,  at  $1.50 15. 00 

1  laborer,  7  days,  at  $1.50 10. 50 

1  laborer,  6J  days,  at  $1.50 9.  75 

1  laborer,  6i  days,  at  $1.50 9.75 

1  laborer,  5  days,  at  $1.50 *  7.50 

1  messenger,  1  month  28  days,  at  $;i5 66. 61 

1  messenger,  12  months,  at  $20 240. 00 

1  attendant,  12  months,  at  $40 480. 00 

1  attendant,  322J  days,  at  $1.50 483. 75 

1  attendant,  155  days,  at$l 155.00 

1  attendant,  22  days,  at$l 22.00 

1  attendant,  34  days,  at$l 34.00 

1  attendant,  5  days,  at  $1 5. 00 

1  attendant,  4  days,  at  $1 4. 00 

1  cleaner,  1  month,  at  $39.50;  10  months  28  days,  at  $35.  422. 17 

1  cleaner,  12  months,  at  $35 r 420. 00 

1  cleaner,  12  months,  at  $35 420. 00 

1  cleaner,  1  month,  at  $33;  9  months,  at  $30;  52  days,  at 

$1.50 381.00 

1  cleaner,  12  months,  at  $30 360. 00 

1  cleaner,  12  months,  at  $30 360. 00 

1  cleaner,  11  months  19  days,  at  $30 348. 39 

1  cleaner,  11  months  15  days,  at  $30 344. 52 

1  cleaner,  4  months  23  days,  at  $30 144. 64 

1  cleaner,  4  months  4  days,  at  $30 124. 00 

1  cleaner,  1  month  16  days,  at  $30 45. 48 

$44,361.73 

Total  salaries 161,882.99 

PRESERVATION  OF  COLLECTIONS,  1901. 
RECEIPTS. 

Balanc^e  as  per  report  July  1 ,  1901 $6, 507. 92 

EXPENDITURES. 
[July  1,  1901,  to  June  30.  1902.] 

Salaries  or  compensation $328. 00 

Special  services 1 ,  164. 38 

Total  services $1 ,  492. 38 


A 
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Miscellaneous: 

Drawings  and  illustrations $425.  77 

Supplies 1, 469.  71 

Stationery 460. 62 

Travel 1,771.21 

Freight 813;  74 

Total  miscellaneus $4, 941. 05 

'  Total  expenditure $6, 433. 43 

Balance  July  1,  1902 74.  49 

Aaalysin  of  expenditure»  for  HaUiries  or  compevnallon. 
[July  1,  1901,  to  June  80, 1902.] 

1  collector,  2  months,  at  $100 $200. 00  • 

1  collector,  1  month 125. 00 

1  captain  of  the  watch,  1  day,  at  $3 3. 00 

Total  expenditure  .•. $328. 00 

Total  statement  of  receipts  and  expemlUures. 

[July  1,  1900,  to  June  30,  1902.] 

RECEIPTS. 

Appropriation  by  Congress,  June  6,  1900 $180, 000.  00 

EXPENDITURES. 

Salaries  or  compensation $159, 174. 45 

Special  services 5, 190. 14 

Total  services  i $164, 364.  59 

Miscellaneous: 

Drawings  and  illustrations 2, 436.  30 

Supplies 6, 086. 85 

Stationery 1,  751. 99 

Travel 3, 490. 19 

Freight 1,  795. 59 

Total  niiscellan€K)U8 15, 560. 92 

Total  expenditure 1 79, 925.  51 

Balance  July  1,  1902 74.49 

PRESERVATION  OF  COLLECTIONS,  1900. 
RECEIPTS. 

Balance  as  per  report  July  1,  1901 $331.39 

EXPENDITrRES. 

[July  1,  1901,  to  June  30,  1902.] 

Supplies $108.05 

Freight  and  cartage , 14. 03 


REPORT    OF    THE    EXECUTIVE    COMMITTEE.  XXIX 

Drawings  and  illustrations i»30. 00 

Special  services 139. 16 

Total  expenditure $291.  24 

Balance 40. 15 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treas- 
ury' Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

Total  sUiiement  of  receipts  and  expnidiiures, 

[July  1,  1899,  to  June  30, 1902.] 

RECEIPTS. 

Appropriation  by  Congress  March  3,  1899 1170,000.00 

EXPENDITURES. 

Salaries  or  comix^nsation $146, 476. 10 

Special  services 1, 890. 48 

Total  services  . .   $147, 366. 68 

Miscellaneous: 

Drawing  and  illustrations 934. 99 

Supplies 4, 394.  62 

Stationerv 1 ,  800.  82 

Specimens 10, 569. 62 

Travel 2, 360. 06 

Freight 2, 533.  36 

Total  miscellaneous 22, 593. 27 

Total  expenditures * 169, 969.  86 

Balanc^e 40. 16 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treas- 
ury Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

NATIONAL  MrSEUM— FURNITURE  AND  FIXTURES,  1902. 

RECEIPTS 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1902, 
**  for  cases,  furniture,  fixtures,  and  appliances  required  for  the  exhi- 
bition and  safe  keeping  of  the  collections  of  the  National  Museum, 
inclu<ling  salaries  or  compensation  of  all  necessary  employees"  (sun- 
dry civil  act,  March  3,  1901 ) * $20, 000. 00 

EXPENDITURES. 
[July  1, 1901,  to  June  30,  1902.] 

Salaries  or  compensation $11,  742. 49 

Special  services 24. 40 

Total  services $11,  766.  89 
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Miscellaneous: 

Storage  cases $230. 00 

Drawers,  trays,  etc 525. 25 

Frames  and  woodwork 314. 95 

Glass 1, 193. 21 

Hardware 811. 64 

Toote 37. 61 

Cloth 72.04 

Lumber 1 ,  320. 52 

PaintH,  oils,  etc 299, 68 

Office  furniture 641. 55 

Leather,  rubl^er,  cork 305. 66 

Drawings 103. 00 

Plumbing 189. 55 

Paper 51. 00 

Flour 1. 30 


Total  miscellaneous $6, 096. 96 


Total  exiKjnditurep $17, 863. 85 


Balance  July  1,  1902,  to  meet  outstanding  liabilities 2, 136. 15 

AHtUyins  of  tjefjvnditureg  for  salaries  or  compensatUm. 
[July  1. 1901,  to  June  30, 1902.] 

supervisor  of  construction,  12  months,  at  $127.50r $1, 530. 00 

shop  foreman,  313  days,  at  $3.25 1, 017.  25 

carpenter,  314  days,  at  $3 942. 00 

carpenter,  313  days,  at  $3 939.00 

carpenter,  260  days,  at  $3 ' 780. 00 

carpenter,  209  days,  at  $3 627. 00 

carpenter,  208  days,  at  $3 624. 00 

carpenter,  158  days,  at  $3 474. 00 

carpenter,  76  days,  at  $3 228. 00 

carpenter,  73  days,  at  $3 219. 00 

carpenter,  38i  days,  at  $3 114.  75 

carpenter,  8  days,  at  $3 24. 00 

carpenter,  1  day,  at  $3 3. 00 

8kille<l  lal)orer,  280i  days,  at  $2 561. 00 

skilled  laborer,  6  months  70i  days,  at  $65 540. 73 

skilled  laborer,  6  months,  at  $83. 33 499. 98 

skilled  laborer,  3  months,  fat  $60 180. 00 

8kille<l  laborer,  53  days,  at  $2 : 106. 00 

skilled  laborer,  52  days,  at  $2 104. 00 

skille<i  laborer,  10  days,  at  $3.50 ^5. 00 

painter,  11  months  4  days,  at  $75 KVi.  00 

workman,  323i  days,  at  $1.75 566.  78 

clerk,  2  months,  at  $70 140. 00 

laborer,  232  days,  at  $1.75 406. 00 

laborer,  1 13  days,  at  $1.50 169. 50 

laborer,  51  days,  at  $1.50 76. 50 

Total  salaries  or  conifiensation 1 1,742. 49 
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FURNITURE  AND  FIXTURES,  1901. 
KECEIPT8. 

Balance  as  per  report  July  1,  1901 $2,096. 23 

EXPENDITURES. 
[July  1, 1901,  to  June  30, 1902.] 

Salaries  or  compensation $12. 00 

Total  services $12. 00 

Miscellaneous: 

Drawers,  trays,  etc 26.  25 

Frames  and  woodwork 20. 00 

Glass 62.30 

Hardware 168. 49 

Tools 41.27 

Cloth 88. 02 

Lumber 182. 17 

Paints,  oils,  eU- 123.  71 

Office  furniture 181.  77 

Leather  and  rubber 2. 98 

Drawings 120. 00 

Plumbing 496. 43 

Flour 1.  20 

Total  miscellaneous 1, 504. 59 

Total  regular  expenditure $1, 516. 59 

Lecture  hall: 

Frames  and  framework 138. 70 

Hardware 20 

Cloth 16.50 

Lumber 43. 35 

Chairs 312. 00 

Miscellaneous  furnishings 67.00 

Total  lecture  hall 577.  75 

Total  expenditure 2, 094. 34 

Balance  July  1,1902 1.89 

Total  statetnerU  of  receipts  and  eJcpertdUures. 
[July  1,  1900,  to  June  30,  1902.] 

RECEIPTS. 

Appropriation  })y  Congress  June  6,  1900 $17, 500. 00 

EXPENDITURES. 
[July  1. 1900,  to  June  30,  1902.] 

Salarufs  or  compensation $8, 095.  78 

Special  services 11. 50 

Total  services $8, 107. 28 
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Miscellaneous: 

Exhibition  cases $95. 00 

Storage  cases 587. 00 

Drawers,  trays,  etc 194. 00 

Frames  and  woodwork 331. 65 

Glass 397.73 

Hardware 556. 91 

Tools 147. 44 

Cloth,  etc 186.47 

Glass  jars 60.06 

Lumber 1 , 1 29. 36 

Paints,  oils,  etc 374. 41 

Office  furniture 934. 18 

Leather,  rubber,  and  cork 212. 64 

Drawings  for  cases 161.  75 

Plumbing : 1,494.95 

Flour 1.20 

Paper 26.16 

Total  miscellaneous $6, 890. 91 

Total  expenditure 14, 998. 19 

Lecture  hall: 

Salaries  or  compensation 547. 50 

Frames  and  w^oodwork 363. 92 

Hardware 17. 37 

Cloth,  etc 63. 63 

Lumber 125.  74 

Chairs 792.00 

Mortar  and  plaster 3. 25 

Miscellaneous  furnishings 67. 00 

Stereopticon,  etc 331. 00 

Paints,  oils,  etc 138. 51 

Drawings  for  cases 50. 00 

Total  expenditure  for  lecture  hall 2, 499. 92 

Total  expenditure  of  appropriation $17, 498. 11 

Balance  July  1,  1902 1, 89 

FURNITURE  AND  FIXTURES,  1900. 
KBCEIPT8. 

Balance  as  j)er  report  July  1,  1901 111.  85 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Trea8ur>' 
Department  to  the  credit  of  the  surplus  fund  June  30,  1902. 

NATIONAL  MUSEUM— HEATING  AND  LIGHTING,  1902. 

RBC^EIPTS. 

Appropriation  by  Congress  for  the  fiwal  year  en<ling  June  30,  1902, 
**  for  expense  of  heating,  lighting,  electrical,  telegraphic,  and  telephonic 
service  for  the  National  Museum,  including  15,000  for  electrical  installa- 
tion" (sundry  civil  act,  March  3, 1901) $23,000.00 
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EXPENDITURES,    REGULAR. 
[July  1, 1901,  to  June  30,  1902.J 

Salaries  or  compensation $8, 419. 13 

Special  eer\'ices 27. 75 

Total  services $8,446.88 

Miscellaneous: 

Coal  and  wood $4, 486. 52 

Gas 1,278.70 

Rental  of  call  boxeo 100. 00 

Electrical  supplies 317. 86 

Electricity 782.80 

Heating  supplies 574. 08 

Telegrams 2. 29 

Telephones 484. 94 

Total  miscellaneous,  regular 8, 027. 19 

Total  regular  expenditure !|?16, 474. 07 

ELECTRIC  INSTALLATION. 
BECEIPTS. 

A])propriation,      ***     *     *     including    $5,000    for 
electric  installation." 

EXPENDITURES. 
[July  1, 1901,  to  June  30,  1902.] 

Salaries  or  compensation ... $2, 090. 48 

Miscellaneous: 

Supplies $2, 721. 95 

Tools 4.18 

Woodwork 148.89 


Total  miscellaneous  installation 2, 875. 02 


Total  electric  installation 4,965.50 


Total  disbursements 21, 439. 57 

Balance  July  1,  1902 1,560.43 

Analygis  of  expenditures  for  salaries  or  compensation. 
[July  1,  1901,  to  June  30, 1902.] 

1  engineer,  12  months,  at  $122.50 $1,470.00 

1  telephone  operator,  6  months,  at  $40;  6  months,  at  $45 510. 00 

I  telephone  operator,  30  days,  at  $150 45. 00 

I  superintendent,  4  months,  at$250 1,000.00 

1  clerk,  2months,  at  $60 120.00 

1  fireman,  12  months,  at  $60 720.00 

1  fireman,  12  months,  at  $55 660. 00 

1  skilled  laborer,  259}  days,  at  $:3 779.25 

1  skilled  laborer,  6  months,  at  $75 450.00 

1  skilletl  laborer,  44  days,  at  $3.50 154. 00 

831  1902 III 
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1  skilled  lalwrer,  Todays,  at  $3.50 ' 

1  skilled  laborer,  3:^  days,  at  $3.50 

1  skilled  lalx)rer,  30  days,  at  $3.50 

1  skilled  laborer,  26  days,  at  $3.50;  1  day,  at  $3 

1  skilleil  laljorer,  21  days,  at  $3.50 

1  skilled  lalx)rer,  9  days,  at  $3.50 

1  skilled  laborer,  8J  days,  at  $3.50 

1  skilled  laborer,  6  days,  at  $3.50 

1  skilled  lalK)rer,  5  days,  at  $3.50 

1  laborer,  244i  days,  at  $2 

1  laborer,  278}  days,  at  $1.50 

1  laV)orer,  265  days,  at  $1.50 

1  lal)orer,  259  days,  at  $1 .  50 

1  lalK)rer,  25  days,  at  $1 .50 

1  laborer,  1 8  davs,  at  $1 .50 


$266.00 

115.50 

105.00 

94.00 

73.50 

31.50 

29.75 

21.00 

17.50 

488.50 

418. 13 

397. 50 

388.50 

37.50 

27.00 

Total  salaries  or  eompensation 8, 419. 13 

ELECTRICAL  INSTALLATION,  1902. 

1  acting  electric  foreman,  6  months,  at  $83.33 

1  clerk,  1  month,  at  $70 , 

I  skilled  laborer,  5  months  26J  days,  at  $75 

1  skilled  laborer,  139  days,  at  $3 

1  skilled  laborer,  18J  days,  at  $3 

1  lal)orer,  199  days,  at  $1.50 * 

1  lal)orer,  193}  days,  at  $1.50 

1  laborer,  3  days,  at  $1.50 

1  lalx)rer,  3  days,  at  $1.50 

1  lal)orer,  3  days,  at  $1.50 

1  laborer,  3  days,  at  $1.50 


499.98 

70.00 

441.25 

417.00 

55.50 

298.50 

290.25 

4.50 

4.50 

4.50 

4.50 

Total  electrical  installation 2, 090. 48 

HEATINi;  AND  LIGHTING,  1901. 
HECEII'TS. 

Balance  as  iH'r  rciK>rt  July  1,  I1H)1 $1,  888. 09 

EXPEXDITrRES. 
[July  1.  1901.  to  June  :w.  190'J.] 
S|)ecial  services $33.  70 


Total  service's $:^3.  70 

Miscellaneous: 

Coal  and  woo<l $99.  57 

(ias 92.  50 

Electricity 169.  06 

Telephones i:^.  54 

Electrical  supplies 489. 19 

Rent  of  call  lM)xes 20. 00 

Heating  supplies 2()6. 1 1 

Telegram.^ 1 1 .  08 


Total  miwellaneou.M  1 ,  286.  Oo 


Total  n^gular  appropriation $1,  319.  75 
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Electric  installation: 

Supplies 1^562.11 

Woodwork 6.00 

Total  electric  installation $568. 11 

Total  expenditures |1, 887. 86 

Balance  July  1,  1902 .23 

ToUU  staiement  of  receipts  and  expenditures.  . 
[July  1, 1900,  to  June  80, 1902.  [ 
RBCEIPTB. 

Appropriation  by  Congress  June  6,  1900 $17, 500. 00 

EXPENDITURES,    BEOULAR. 
[July  1,  1900.  to  June  30,  1902.1 

Salaries  or  compensation $6, 097. 07 

Special  services 98. 30 

Total  services,  regular $6,195.37 

Miscellaneous: 

Coal  and  wood 3, 631 .  42 

Gas 1,224.40 

Rental  of  call  boxes 120.00 

Electrical  supplies 800.63 

Electricity 646.77 

Heating  supplies 767. 82 

Telegrams 40. 25 

Telephones 573. 19 

Total  miscellaneous,  regular 7, 804. 48 

Total  regular  expenditure $13, 999.  H5 

ELECTRIC  INSTALLATION. 
RECEIPTS. 

Included  in  appropriation  of  $17,500 $3, 500. 00 

EXPENDITURES. 

Salaries  or  compensation $858. 40 

Special  services 3. 00 

Total  service.*? $861. 40 

Miscellaneous: 

Drawings $55. 50 

Supplies 2, 193. 47 

Tools 20.14 

Woodwork 334. 30 

Travel 35.11 

Total  miscellaneous,  electric  installation ...     2, 638. 52 

Total  electric  installation 3, 499. 92 

Total  expenditure $17, 499.  77 

Balance  July-1,  1902 .23 
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HEATING  AND  LIGHTING,  1900. 
RBCEIPTB. 

Balance  as  per  report  July  1,  1901 $0.02 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treasury 
Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

NATIONAL  MUSEUM— POSTAGE,  1902. 
RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1902,  ''for 
postage  stamps  and  foreign  postal  card^forthe  National  Museum" 
(sundrj- civil  act,  March  3,  1901) $500.00 

EXPENDITURES. 

[July  1, 1901,  to  June  90,  1902.] 

Postage  stamps  and  foreign  postal  cards 500. 00 

NATIONAL  MUSEUM— PRINTING  AND  BINDING,  1902. 

RECEIPTS. 

Appropriation  by  Congress  for  ths  fiscal  year  ending  June  30, 1902,  '*for 
the  Smithsonian  Institution,  for  printing  labels  and  blanks  and  for 
the  Bulletins  and  Proceedings  of  the  National  Museum,  the  editions 
of  which  shall  not  be  less  than  3,000  copies,  and  binding  in  half  tur- 
key, or  material  not  more  expensive,  scientific  books  and  pamphlets 
presented  to  and  acquired  by  the  National  Museum  Library"  (sundry 
civil  act,  March  3,  1901) $17,000.00 

EXPENDITURES. 

[July  1, 1901,  to  June  30, 1902.] 

Bulletins  of  the  Museum |7, 060. 41 

Proceedings  of  the  Museum 7, 284. 27 

Labels 646.95 

Blanks ^ 23L10 

Congressional  Record  32. 00 

Congressional  documents 165. 50 

Record  books 86.30 

Binding 1,36L60 


Total  expenditures 16,868.13 

Balance  July  1,  1902 131.87 

NATIONAL  MUSEUM— RENT  OF  WORKSHOPS,  1902. 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1902, 
''for  rent  of  workshops  and  temporary  storage  quarters  for  the 
National  Museum"  (sundry  civil  act,  March  3, 1901 ) H, 400. 00 

sxpENDmTRm. 

[July  1, 1901,  to  June  30.  1902.] 
Total  expenditures 4,399.92 


Balance  July  1,  1902 08 
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RENT  OF  WORKSHOPS 

BaUtnce  July  1, 1901 $0.08 


Balance  July  1,  1902 08 

RENT  OF  WORKSHOPS,  1900. 

Balance  as  per  report  July  1,  1901 $6. 08 

Balance  carried,  under  provisions  of  Bevised  Statutes,  section  3090,  by  the  Treasury 
Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

NATIONAL  MUSEUM— BUILDING  REPAIRS,  1902. 

RKCBIFTB. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1902 
(sundry  civil  act,  March  3,  1901): 
"For  repairs  to  buildings,  shops,  and  sheds.  National  Museum, 

including  all  necessary  labor  and  materiar^ $15, 000. 00 

"For  removing  old  boilers  in  the  National  Museum  building,  and 
for  the  purchase  and  installation  of  new  boilers,  including 
material  and  labor  for  necessary  alterations  and  connections'' . . .      12, 500. 00 


Total 27,500.00 

BXPKNDITURBS. 

[July  1, 1901,  to  June  30, 1902.] 

Claries  or  compensation $9, 512. 29 

Special  services 649. 35 


Total  services $10,161.64 

kliseellaneous: 

Lumber 532.51 

Cement,  plaster,  gravel ,  lime,  sand .  339. 05 

Hardware,  tools,  etc 697. 32 

Paints,  oils,  brushes,  etc 421. 47 

Woodwork 164.30 

Skylights  and  ventilators 566, 40 

Glass 56.27 

Marble  mosaic  floor  and  tiles 192. 72 

Sewer  connections 200.00 

Drawings 85.00 

aoth,cotton 6.19 

Paper 57.85 

Total  miscellaneous 3,319.08 


Total  expenditure,  regular  appropriation $13, 480. 72 

New  boilers. 

Salari^  or  compensation $2, 801. 93 

Special  services 31. 61 

Total  services $2,833.54 

Miscellaneous: 

Advertising 35. 63 

Drawings 12. 75 
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M  iflcel  laneoufl — O^ntinne^l . 

Concrete  foundations  and  brick- 
work (by  contract) 1915. 00 

Brick,  stone,  cement,  lime,  frnivel, 

sand 628.00 

Pipe  and  fittings 863.20 

Pipe  covering 131.36 

Hardware  and  tools 365. 19 

Lumber 12. 06 

Asphalt  pavement 117.  75 

Two  water-tabe  boilers,  complete.  6, 000. 00 

Removing  dirt 127.50 

Lard  oil,  etc 6.50 

Traveling  expenses 32.50 

Total  mi.*<cellaneotL*< $9, 247. 44 


Total  expenditure,  new  boilers $12, 080. 98 

Total  disbureemente $25,561.70 


Balance  July  1,  1902 1,938.30 

Analyg'ts  of  ejrjjenditurfit  for  tuilariex  or  rompenmiion. 

[Joly  1. 1901.  to  June  30.  1902.] 

superintendent,  4  months,  at  $250 $1 .  000. 00 

foreman,  289j  days,  at  $3.25 940.47 

clerk,  1  month  23  days,  at  $70 123.67 

stenographer  and  typewriter,  2  months,  at  $40 80. 00 

carpenter,  292  days,  at  $3 876.00 

(»rpenter,  279i  days,  at$:i 837.75 

carpenter,  111  days,  at  $3 333.00 

carpenter,  lOlJ  days,  at  $:i •     312.75 

carpenter,  53  days,  at  $3 159.00 

carpenter,  46i  days,  at  $:i i:«.  75 

carpenter,  39  days,  at  $3 117.00 

carpenter,  25  days,  at  $3 75. 00 

carpenter,  19  days,  at  $3 57. 00 

carpenter,  11  days,  at  $3 33.00 

carpenter,  5  days,  at  $^i 15. 00 

8kille<i  laborer,  199  days,  at$2 :i98.00 

skilled  lalx)rer,  198}  days,  at$2 397.00 

skilletl  laborer,  4  months,  at  $70 280.00 

skilled  lal>orer,  156}  days,  at  $2 313.00 

skilled  laborer,  141  days,  at$2 282.00 

skilled  lalx^rer,  2  months  20  days,  at  $65  per  month 190. 81 

8kille<l  laborer,  3  months,  at  $60 180.00 

skilled  lalwrer,  40}  days,  at  $2.50 101,25 

skilled  laborer.  24  days,  at  $1.66i 40.00 

skilled  laborer,  10  days,  at  $2 20.00 

skilled  laborer,  3day8,  at$2.50 7.50 

laborer,  147J  days,  at$2i 294.50 

laborer,  66  days,  at  $2 132.00 

laborer,  132  days,  at$1.75 231.01 

laborer,  130}  days,  at$1.75 228.81 

laborer,  i^ti  Hov«  at$1.75 223.13 

labor                         •.t$1.50 199.98 
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1  laborer,  105}  days,  at  $1.75 $185. 06 

1  laborer,  102J  days,  at  $1.75 178.94 

1  laborer,  79  days,  at  $1.75 138. 25 

1  laborer;  75}  days,  at  $1.75. 132. 13 

1  laborer,  30J  days,  at  $1.50 46. 13 

1  laborer,  24  days,  at  $1.50 36. 00 

1  laborer,  23J  days,  at  $1.50 35. 25 

1  laborer,  23}  days,  at  $1.50 35. 25 

1  laborer,  15  days,  at  $1.50 22. 50 

1  laborer,  15  days,  at  $1.50 22. 50 

1  laborer,  15  days,  at  $1.50 22. 50 

1  laborer,  9  days,  at  $1.50 13. 50 

1  laborer,  8  days,  at  $1.50 12. 00 

1  laborer,  5  days,  at  $1.50 7. 50 

1  laborer,  6  days,  at  $1.25 7. 50 


NEW  BOILERS. 


Steam  fitter,  26  days,  at  $:^ 

steam  fitter  23  days,  at  $3 

clerk,  1  month,  at  $70 

skilled  laborer,  2  months,  at  $70. 

skilled  lalK)rer,  54  days,  at  $3 

skilled  laborer,  39  days,  at  $2.50. 
skilled  laborer,  9}  days,  at  $2.50 , 

carpenter,  48  days,  at  $3 , 

carpenter,  41  days,  at  $3 

helper,  40  days,  at  $1.50 

helper,  44}  days,  at  $1.50 

helper,  40  days,  $1.50 

helper,  39}  days,  at  $1.50 

helper,  35  days,  at  $1 .50 , 

liel|)er,  24  days,  at  $1 .  50 

laborer,  58  days,  at  $2 

laborer,  57  days,  at  $2 

laborer,  62  days,  at  $1.75 

laborer,  56  days,  at  $1.75 

laborer,  54  days,  at  $1.75 

laborer,  54  days,  at  $1.75 

laborer,  59 J  days,  at  $1.50 

laborer,  55  days,  at  $1.50 

laborer,  54  days,  at  $1.50 

laborer,  54  days,  at  $1.50 

laborer,  53  days,  at  $1.50 

laborer,  51 }  days,  at  $1.50 

laborer,  42}  days,  at  $1.50 

laborer,  4U  days,  at  $1.50 

laborer,  36}  days,  at  $1.60 

laborer,  35}  days,  at  $1 .50 

laborer,  34}  days,  at  $1.50 

laborer,  28  days,  at  $1.50 

laborer,  27  days,  at  $1 .50 

laborer,  22  days,  at  $1 .50 

laborer,  42  days,  at  $1 


9,512.29 

$78. 00 

69.00 

70.00 

140.00 

162.00 

97.50 

23.13 

144.00 

123.00 

60.00 

67.13 

60.00 

59.25 

52.50 

36.00 

116.00 

114.00 

108.50 

98.00 

94.50 

94.50 

88.88 

82. 50 

81.00 

81.00 

79.50 

77.26 

63.76 

61.88 

54.  75 

53.63 

52.13 

42.00 

40.50 

34.13 

42.00 

2, 801. 93 
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BUILDING  REPAIRS,  1901. 
RECEIPTS. 

Balance  as  per  report  July  1,  1901 $884. 93 

EXPEXDITURB8. 

[July  1, 1901.  to  June  30. 1902.] 
Spetnal  services $35. 00 

Total  ser\nce8 $35. 00 

Mi8<^llaneoiifl: 

Lumber 30. 28 

Cement,  plaster,  gravel,  lime,  sand 110.  20 

Brick 69.33 

Hardware,  tools,  etc 362.30 

Paints,  oils,  brushes,  etc 169.  85  ' 

Woodwork 5.  65 

Glass 1.35 

Terazzo  and  tile  floors 15.75 

Marble  capping 25. 00 

Paper 1.25 

Steel  plates,  angles,  etc 58. 93 

Total  miscellaneous 849.89 

Total  regular 884.89 

Balance  July  1,  1902 .04 

TotaJ.  fftaiement  of  receipts  and  expenditures. 

[July  1,  1900,  to  June  30,  1902.] 

RECEIPTS. 

Appropriation  by  Congress  June  6, 1900 $15, 000. 00 

EXPENDITURfiB. 
[July  1. 1900.  to  June  90, 1902.] 

Salaries  or  compensation $7, 661. 44 

Special  services 477. 85 

Total  services , $8,139.29 

MiHcellaneous: 

Terazzo  and  tile  floors 2,052.76                                                      | 

Luml)er 316.85 

Cement,  gravel,  sand,  etc 585. 80 

Hardware  and  tools 533. 09 

Paints,  oils,  l)ru8hes 399. 64 

Skylights  and  ventilator 240. 00 

Steel  plates,  angles,  panels,  etc 1 ,  181 .  02 

Drawings 281.50 

Advertising 41. 26 

Travel 62.35 

Woo<lwork 248.27 

Bricks 128.83 
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Miscellaneous — Continued. 

Glass $5.15 

Decorating  walls  and  ceilings 767. 90 

Marble  capping 25. 00 

Paper 1.25 

Total  miscellaneous $6, 860. 67 

Total  expenditure $14, 999. 96 

Balance  July  1,  1902 .04 

BUILDING  REPAIRS,  1900. 

Balance  as  per  report  July  1 ,  1901 , .  $0. 85 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treas- 
ury Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

NATIONAL  MUSEUM— GALLERIES,  1902. 
RBCEIFTB. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1902,  *'for 
construction  of  two  galleries  in  the  National  Museum  building'*  (sun- 
dry civil  act,  March  3,  1901) $5,000.00 

EXPENDITURES. 
[July  1. 1901,  to  June  30, 1902.] 

Salaries  or  compensation $2, 404. 02 

Special  services 3. 60 

Total  services $2,407.52 

Miscellaneous: 

Hardware,  tools,  etc 269. 61 

Cement,  gravel,  sand,  stone,  etc 360. 92 

Cloth,  cotton 24.28 

Brushes : ^        2.50 

Lumber 113.99 

Steel  beams,  iron  posts,  etc 1, 440. 51 

Woodwork 52.75 

Paper 15.00 

Fireproof  partitions 275. 00 

Total  miscellaneous 2, 554. 56 

Total  expenditures 4,96^.08 

Balance  July  1,1902 37.92 

Analysis  of  expenditures  for  salaries  or  compensalion. 
[July  1. 1901,  to  June  30, 1902.] 

1  foreman,  26  days,  at  $3.25 $84. 50 

1  clerk,  1  month,  at  $70 70.00 

1  skilled  laborer,  6  months,  at  $70 420.00 

1  skilled  laborer,  6  months,  at$60 360.00 

1  laborer,  169{  days,  at$1.75 279.78 
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1  laborer,  136}  days,  at  $2 $272.50 

lUborer,  139 J  days,  at  $1.75 243.69 

1  laborer,  135i  days,  at  $1.75 241.29 

1  laborer,  130  days,  at  $1.75 227.50 

llalK>rer,  136J  days,  at  $1.50 204.76 


Total  salaries 2,404.02 

NATIONAL  MUSEUM— BOOKS,  1902. 
RBCEIPTK. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1902,  **for 
purchase  of  books,  pamphlets,  and  periodicals  for  reference  in  the 
National  Museum ' '  ( sundry  civil  act,  March  3, 1901 ) $2, 000. 00 

EXPBKDITrRBH. 
[July  1. 1901,  to  June  30,  1902.] 

Total  expenditures 857.03 


Balance  July  1,  1902 1,142.97 

BOOKS,  1901. 
RBCEIPTB. 

Balamv.  as  per  rejiort,  July  1,  1901 $858.04 

EXPENDITURBH. 

[July  1. 1901.  to  June :«,  1902.] 
Total  expenditures 765. 90 


Balance  Jul  y  1 ,  1 902 92. 1 4 

BOOKS,  1900. 
RBCEIPTB. 

Balance,  as  jjer  report,  July  1,  1901 $:i0.64 

BXPENDITURBH. 

[July  1, 1901.  to  June  30, 1902.] 
Forl)ookB 2.55 


Balance 28.09 

Balance  carried,  under  provisions  of  Revised  Statutes,  WH'tion  3090,  by  the  Treasury 
Department  to  the  credit  of  the  surplus  fund.  June  30,  1902. 

NATIONAL  MrHKlTM—PlTRCHAKR  OF  SPECIMENS. 

RBCRIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending?  June  30,  1902,  ''for 
purchase  ol  specimens  to  supply  deficiencies  in  the  collections  of  the 
National  Museum"  (sundry  civil  act,  March  3,  1901) $10,000.00 

RXFRNDITrRBH 

[July  1.  1901,  to  June  30.  1902.) 
Total  expenditures 7,528.70 

Balance  July  1 ,  1902,  to  meet  outstanding  liabilities 2, 471. 30 


REPORT    OF   THE    EXECUTIVE    COMMITTEE.  XLIII 

PURCHASE  OF  SPECIMENS,  1901. 
KBCEIPTB. 

Balance  as  per  report  July  1,  1901 $3,058.56 

EXPENDITURES. 
[July  1, 1901,  to  June  30, 1902.] 

Total  expenditures , 2,980.39 

Balance  July  I,  1902 72.17 

ASTROPHYSICAL  OBSE!ilVATORY,  SMITHSONIAN  INSTITUTION,  1902. 

RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1902,  "for 
maintenance  of  Astrophysical  Observatory,  under  the  direction  of  the 
Smithsonian  Institution,  including  salaries  of  assistants,  the  purchase 
of  necessary  books  and  periodicals,  apparatus,  printing  and  publishing 
results  of  researches,  not  exceeding  one  thousand  five  hundred  copies, 
repairs  and  alterations  of  buildings,  and  miscellaneous  expenses,  twelve 
thousand  dollars;  that  the  Secretary  of  the  Smithsonian  Institution  is 
directed  to  report  to  Congress  on  the  first  day  of  the  next  regular  ses- 
sion an  entire  account  of  all  appropriations  heretofore  expended  by 
the  Astrophysical  Observatory,  what  results  have  been  reached,  and 
what  is  the  present  condition  of  the  work  of  said  Observatory*'  (sun- 
dry civil  act,  March  3,  1901 ) |12, 000. 00 

DISBURSEMENTS. 

Salaries  or  compensation: 

1  aid,  12  months,  at  |175 $2, 100. 00 

1  assistant,  25i  days,  at  $125 104. 84 

1  assistant,  J  month,  at  $90 45. 00 

1  junior  assistant,  12  months,  at  $110 1, 320. 00 

1  clerk,  1  month,  at  $125 125. 00 

1  stenographer,  11  months,  at  $100 1, 100. 00 

1  stenographer,  1  month,  at  $50 50. 00 

1  instrument  maker,  11  months  and  9}  days, 

at  $80 904.69 

1  fireman,  12  months,  at  $50 600.00 

1  cleaner,  158  days,  at  $1 158.00 

1  laborer,  4  months  and  4  days,  at  $20 82. 86 

Total  salaries  or  compensation $6, 590. 39 

General  expenses: 

Apparatus 855. 20 

Books 120.90 

Building  repairs 146. 50 

Drawings 30.00 

Electricity 195.08 

Furniture 52.  75 

Freight  and  hauling 9. 19 

Lumber 4. 06 

Publications 294.00 


XLIV  REPORT    OF   THE    EXECUTIVE    COMMITTEE. 

General  expenses — Continued. 

Supplies $578.52 

Special  nervices 869.  72 

$3, 155. 92 

Total  disbursements $8, 746. 31 

Balance  July  1,  1902 2,253.69 

ASTROPHYSICAL  OBSERVATORY,  1901. 

Balance  July  1,  1901,  as  per  last  report $79.80 

DISBURSEMENTS. 

General  expenses: 

Apparatus $25. 00 

Books 8.28 

Gas  and  electricity 24. 22 

Supplies 21.38 

Total  disbursements 78.  88 

Balance  J  uly  1 , 1 902 .92 

ASTROPHYSICAL  OBSERVATORY,  1900. 

Balance  July  1,  1901,  as  per  last  report $2. 99 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treas- 
ury Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 

OBSERVATION  OF  ECLIPSE  OF  MAY  28,  1900. 

Balance  July  1,  1902,  as  per  last  report $755.  74 

NATIONAL  ZOOLOGICAL  PARK,  1902. 
KECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1902,  "for 
continuing  the  construction  of  roads,  walks,  bridges,  water  supply, 
sewerage,  drainage,  and  for  grading,  planting,  and  otherwise  improving 
the  grounds;  erecting  and  repairing  buildings  and  inclosures;  care,  sub- 
sistence, purchase,  and  transportation  of  animals,  including  salaries 
or  compensation  of  all  necessary  employees;  the  purchase  of  necessary 
books  and  periodicals;  the  printing  and  publishing  of  operations,  not 
exceeding  one  thousand  five  hundred  copies,  and  general  incidental 
expenses  not  otherwise  provided  for,  eighty  thousand  dollars;  one- 
half  of  which  sum  shall  be  paid  from  the  revenues  of  the  District  of 
Columbia  and  the  other  half  from  the  Treasury  of  the  United  States, 
and  of  the  sum  hereby  appropriated  five  thousand  dollars  shall  be  used 
for  continuing  the  entrance  into  the  Zoological  Park,  from  Cathedral 
avenue  and  opening  driveway  into  the  Zoological  Park,  including  neces- 
sary grading  and  removal  of  earth  "  (sundry  civil  act,  March  3, 1901) .    $80, 000.  00 

DISBUKSEMENTS. 

Salaries  or  compensation: 

1  superintendent,  12  months,  at  $225 $2, 700. 00 

1  property  derk,  12  months,  at  $150 1, 800. 00 

1  clerk,  n  .^onths,  at  $110 1, 320. 00 

1  clerk,  12  months,  at  $100 1,200.00 
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Salaries  or  compensation — Continued. 

1  stenographer,  6  months,   at  $62.50,  and  6 

months,  at  $83.33 $874.98 

1  landscape  gardener,  12  months,  at  $83.33. . .  990. 96 

1  photographer,  2  months,  at  $80 160.00 

1  photographer,  3}  months,  at  $70 245. 00 

1   head    keeper,   6   months,   at  $100,  and  6 

months,  at$112.50 1,275.00 

1  keeper,  12 months,  at$60 720.00 

1  keeper,  12  months,  at$60 720.00 

1  keeper,  lU  months  and  13  days,  at  $60 716. 00 

1  keeper,  12  months,  at  $60 720. 00 

•  1  watchman,  llj  months  and  11  days,  at  $60  .  712. 00 
1  watchman,  6  months,  at  $60,  and  6  months, 

at$65 750.00 

1  watchman,  12  months,  at $55 660.00 

1  assistant  foreman,  12  months,  at  $65 780. 00 

1  blacksmith,  6  months,  at  $75,  and  6  months, 

at  $83.33 949.98 

1  assistant  blacksmith,  12  months,  at  $60 720. 00 

I  workman,  12  months,  at  $60 720.00 

I  workman,  6  months,  at  $50,  and  6  months, 

at$60 660.00 

1  laborer,  12  months,  at  $60 720.00 

1  laborer,  12  months,  at  $55 660.00 

1  laborer,  12  months,  at  $50 600. 00 

1  laborer,  5  months  and  15}  days,  at  $50,  and 

6  months,  at  $60 636. 75 

1  laborer,  10}  months  and  13  days,  at  $20 218. 39 

Total  salaries  or  compensation $22, 237. 06 

Miscellaneous: 

Buildings $896.66 

Building  material 361. 74 

Fence,  cage  material,  etc 3, 406. 66 

Food 11,263.08 

Freight 952.96 

Fuel 1,251.04 

Furniture 219.75 

Lumber 838. 30 

Machinery,  tools,  etc 343. 85 

Miscellaneous  supplies 1, 227. 64 

Paints,  oils,  etc 149.96 

Postage  and  telegraph 72. 24 

Purchase  of  animals 1, 883. 65 

Road  material  and  grading 4, 095. 46 

Special  services 62. 50 

Stationery,  books,  etc 369. 93 

Surveying,  plans,  etc 495.  20 

Traveling  and  field  expenses 62.  78 

Trees,  plants,  etc 41. 00 

Watersupply,  etc 296.46 

Total  miscellaneous 28,280.86 


XLVI 


REPORT   OF   THE    EXECUTIVE    COMMITTEE. 


Wages  of  mechanics  and  laborers  and  hire  of  teams 
in  constnicting  buildings  and  inclosures,  laying 
water  pipes,  building  roads,  gutters,  and  walks, 
planting  trees,  and  otherwise  improving  the 
grounds: 

tinner,  2}  days,  at  $4 

carpenter,  26  days,  at  $3 

carpenter,  30  days,  at  $3 

carpenter,  16  days,  at  $3 

carpenter,  53  days,  at  $3 

carpenter,  315i  days,  at  $3 

carpenter,  42^  days,  at  $3 

carpenter,  9  days,  at  $3 

painter,  10  days,  at  $3 

workman,  31  days,  at  $1. 75,  and  334  days, 

at  $2 

laborer.  334)  days,  at  $2.50 : 

35  days,  at  $2 

350  days,  at  $2 

312J  days,  at  $2 

282}  days,  at  11.75 

337  days,  at  $1 .  75 

137  J  days,  at  |1 .  75 

215}  days,  at  $1.75 

360  days,  at  $1.75 

305Jdays,  at  $1.75 

279}  days,  at  $1.75 

284  days,  at  $1.50 

366  days,  at  $1.50 

39  days,  at  $1.50 

103  days,  at  $1.50 

25}  days,  at  $1.50 

9}  days,  at  $1.50 

203}  days,  at  $  1 ,  50 

52}  days,  at  $1.50 

59i  days,  at  $1.50 

81  days,  at  $1.50 

8}  days,  at  $1.50 

118J  days,  at  $1.50 

371}  days,  at  $1,50 

291idays,  at  $1.50 

11 J  days,  at  $1.50 

306}  days,  at  $1 . 50 

365  days,  at  $1.50 

42 }  days,  at  $  1 .  50 

275}  days,  at  $1.50 

9  J  days,  at  $  1 .  50 

183}  days,  at  $1.50 

10}  days,  at  $1.50 

190}  days,  at  $1.50,  and  183  days, 


laborer 
laborer 
laborer, 
laborer 
laborer 
laborer 
'laborer 
laborer 
laborer, 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer 
laborer, 
laborer 
laborer 

laborer 

laborer 

laborer 

laborer 

at  $1.75 

laborer 

laborer 

laborer 


364}  days,  at  $1.50. 
333}  days,  at  $1.50. 
106}  days,  at  $1.50. 


$10.00 

78.00 

90-00 

48.00 

159.00 

945.75 

127.50 

27.00 

30.00 

722.25 
836.25 

70.00 
700.00 
625.00 
494.80 
589. 75 
240.63 
377.56 
630.00 
534.19 
488.69 
426.02 
549.01 

58.50 
154.50 

37. 87 

14.63 
304.88 

79.12 

88.88 
121.50 

13.13 
177.38 
556.89 
437.25 

17.25 
469.37 
547.60 

64.13 
413.64 

14.25 
275.64 

16.12 

605.63 
547. 13 
499.88 
160.13 
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Wages  of  mechanicH,  lab>orer8,  eU'.— C'Oiitiniie<l. 

laborer,  46\  days,  at  $1.50 $69. 38 

laborer,  381  days,  at  $1.50 57.  75 

laborer,  10  days,  at  $1.50 15. 00 

laborer,  212i  days,  at  $1.50 319. 14 

laborer,  9  days,  at  $1.50 13. 50 

laborer,  42i  days,  at  $1.50 63. 38 

laborer,  363  days,  at  $1.50 544. 50 

laborer,  39J  days,  at  $1.50 58. 88 

laborer,  280i  days,  at$1.50 420.38 

laborer,  345}  days,  at$1.50 518.62 

laborer,  179  days,  at  $1.50 268. 50 

laborer,  87i  days,  at  $1.50 130. 88 

laborer,  114}  days,  at  $1.50 171. 76 

laborer,  9  days,  at  $1.50 13. 50 

laborer,  344  days,  at  $1.50 j 516. 03 

laborer,'307J  days,  at  $1.50 461. 24 

laborer,  224  days,  at  $1.50 336. 00 

laborer,  73}  days,  at  $1.25,  and  66  days,  at 

$1.50 191.19 

laborer,  3  days,  at  $1.25,  and  12}  days,  at 

$1.50 22.88 

laborer,  167  days,  at  $1.50,  and  71i  days,  at 

$1.25 339.55 

laborer,  181  days,  at  $1.50,  and  185  days,  at 

$1.25 ...  502.75 

laborer,  14}  days,  at  $1 14. 50 

laborer,  53i  days,  at  $1 53. 25 

laborer,  293  days,  at  $1 293. 00 

laborer,  265}  days,  at  $1,  and  89^  days,  at 

$1.25 377.06 

laborer,  97}  days,  at  $1.25  and  311}  days, 

at$l 433.94 

laborer,  278i  days,  at$l 278.25 

helper,  91  days,  at$1.25,  and  275J  days,  at  $1.  389.00 

helper,  360}  days,  at  75  cents 270. 38 

helper,  25  days,  at  75  cents 18. 75 

helper,  48}  days,  at  50  cents 24. 38 

helper,  182i  days,  at  50  cents,  and  129}  days, 

at  75  cents 188. 25 

helper,  23}  days,  at  50  cents 11. 88 

water  boy,  22J  days,  at  75  cents 16. 69 

attendant,  54  days,  at  75  cents 40. 50 

attendant,  8  days,  at  75  cents 6. 00 

attendant,  330  days,  at  75  cents 247. 50 

sand  dredger,  72}  cubic  yards,  at  60  cents, 

and  laborer,  60 days,  at  $1.50 133.50 

stonebreaker,  35}  cubic  yards,  at  60  cents. , .  21. 30 

stonebreaker,  33  cubic  yards,  at  60  cents 19. 80 

wagon  and  team,  157  days,  at  $3,  and  91} 

days,  at  $3.25 768.38 

wagon  and  team,  17  days,  at  $3,  and  20  days, 

at  $3.25 116.00 

wagon  and  team,  74  days,  at  $3 222. 00 
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Wages  of  iiiechanii'8,  lalwrers,  etc. — Continued. 

1  horse  and  cart,  4  days,  at  $1.60 $6.40 

1  horse  and  cart,  81 1  days,  at  |1.50,  and  16 

dayy,  at$1.60 148.23 

1  horse  and  cart,  94  days,  at  $1.50,  and  55 

days,  at|1.60 .' 229.00 

1  horse,  339  days,  at  50  cents 169.50 

Total  wages  of  mechanics,  etc $23, 996.  85 

Total  disbursements $74, 514.  77 

Balance  July  1,  1902 5,485.23 

NATIONAL  ZOOLOGICAL  PARK,  1901. 

Balance  July  1,  1901,  as  per  last  report $9,802.29 

DISBURSEMENTS. 

General  expenses: 

Buildings $884.42 

Building  material 8. 30 

Fencing,  cage  material,  etc 2, 543. 41 

Pood 1,056.97 

Freight 498.57 

Fuel... 24.00 

Furniture 1 87. 60 

Lumber 249. 60 

Machinery,  tools,  etc 169. 22 

Miscellaneous 230. 42 

Paints,  oils,  glass,  etc 55. 76 

Postage,  telegraph,  and  telephone 81. 63 

Road  material  and  grading 2, 928. 40 

Stationery,  books,  printing,  etc 397. 07 

Surveying  plans,  etc 414. 00 

Traveling  and  field  expenses 28. 05 

Trees,  plants,  etc 19. 30 

Water  supply,  sewerage,  etc 8. 29 

Total  disbursements 9,  785. 01 

Balance  July  1,  1902 17.28 

NATIONAL  ZOOLOGICAL  PARK,  1900. 

Balance  July  1,  1901,  as  per  last  report $394.  30 

DISBUBSEMENTS. 

General  exj^enses: 

Buildings $110.61 

Fencing,  etc 13. 45 

Freight 179.08 

Machinerv,  etc 37. 91 

Miscellaneous 13. 31 

Surveying,  plans,  etc 25. 00 

379. 36 

Balance 14.94 

Balance  carried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treasury 
Department  to  the  credit  of  the  surplus  fund,  June  30,  1902. 
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RECAPITULATION. 

The  total  amount  of  funds  administered  by  the  Institution  during  the  year  ending 
Jane  30,  1902,  appears  from  the  foregoing  statements  and  the  account  books  to  have 
been  as  follows: 

SMITHSONIAN    INSTITUTION. 

From  balance  of  last  year,  July  1,  1901 $83,963.26 

From  interest  on  Smithsonian  fund  for  the  year 54,  720. 00 

From  interest  on  West  Shore  bonds 1,680.00 

From  sales  of  publications 301. 85 

From  repayments,  freight,  etc 10, 109. 24 

$150,  774. 35 

APPBOPBIATIONS   COMMITTED   BY   CONGRESS  TO   THE   CARE  OP  THE   INSTITUTION. 

International  exchanges — Smithsonian  Institution: 

From  balance  of  1899-1900 $53.90 

From  balanceof  1900-1901 2,935.71 

From  appropriation  for  1901-2 24,000.00 

$26,989.61 

American  Ethnology— Smithsonian  Institution: 

From  balance  of  1899-1900 5.19 

From  balanceof  1900-1901 2,684.69 

From  appropriation  for  1901-2 50,000.00 

52, 689.  88 

Preservation  of  collections — National  Museum: 

From  balance  of  1899-1900 331.39 

From  balance  of  1900-1901 G,507.92 

From  appropriation  for  1901-2 180,000.00 

186,839.31 

Furniture  and  fixtures — National  Museum: 

From  balance  of  1899-1900 11.85 

From  balance  of  1900-1901 2,096.23 

From  appropriation  for  1901-2 20,000.00 

22,108.08 

Heating  and  lighting,  etc. — National  Museum: 

From  balance  of  1899-1900 .02 

From  balance  of  1900-1901 1,888.09 

From  appropriation  for  1901-2 23,000.00 

24, 888. 1 1 

Postage — ^National  Museum: 

From  appropriation  for  1901-2 500.00 

Printing — National  Museum: 

From  appropriation  for  1901-2 17,000.00 

Bent  of  workshops,  etc. — National  Museum: 

From  balance  of  1899-1900 .08 

From  balance  of  1900-1901 .08 

From  appropriation  for  1901-2 4,400.00 

4, 400. 16 

Building  repairs — National  Museum: 

From  balance  of  1899-1900. .85 

From  balanceof  1900-1901 884.93 

From  appropriation  for  1901-2 27,500.00 

28, 385.  78 

Galleries — National  Museum: 

From  appropriation  for  1901-2  •.•••••••.••••••••••..••.• 5,000.00 

SM  1902 IV 
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Books — National  Museum: 

From  balance  of  1899-1900 i $30.64 

From  balance  of  1900-1901 858.04 

From  appropriation  for  1901-2 2,000.00 

$2, 888. 68 

Purchase  of  specimens — National  Museum: 

From  balance  of  1900-1901 3,058,56 

From  appropriation  for  1901-2 10,000.00 

13,058,56 

Astrophysical  Observatory — Smithsonian  Institution: 

From  balance  of  1899-1900 2.90 

From  balance  of  1900-1901 79.80 

From  appropriation  for  1901-2 12,000.00 

12, 082.  79 

Observation  of  eclipse  of  May  28,  1900: 

From  balance  July  1,  1901 755.74 

National  Zoological  Park: 

From  balance  of  1899-1900 394.30 

From  balance  of  1900-1901 9,802.20 

From  appropriation  for  1901-2 80,000.00 

90, 196. 59 

SUMMARY. 

Smithsonian  Institution $150,  774. 35 

Exchanges 26,989.61 

Ethnology 52,689.8.8 

Preservation  of  collections 186, 839. 31 

Furniture  and  fixtures 22,108.08 

Heating  and  lighting 24,888.11 

Postage 500.00 

Printing 17,000.00 

Rent  of  workshops 4,400.16 

Building  repairs 28,385.78 

Galleries 5,000.00 

Books 2,888.68 

Purchase  of  specimens 13,058.56 

Astrophysical  Observatory 12,082.79 

Observation  of  eclipse  of  May  28,  1900 755.74 

National  Zoological  Park 90,196.59 

638,557.64 

The  committee  has  examined  the  vouchers  for  pa^-ment  from  the 
Smithsonian  income  during  the  year  ending  June  30,  1902,  each  of 
which  bears  the  approval  of  the  secretary  or,  in  his  absence,  of  the 
acting  secretary,  and  a  certificate  that  the  materials  and  services 
charged  were  applied  to  the  purposes  of  the  Institution. 

The  committee  has  also  examined  the  accounts  of  the  several  appro- 
priations committed  by  Congress  to  the  Institution,  and  finds  that  the 
balances  hereinbefore  given  correspond  with  the  certificates  of  the 
disbursing  clerk  of  the  Smithsonian  Institution,  whose  appointment 
as  such  disbursing  officer  has  been  accepted  and  his  bond  approved  by 
the  Secretary  of  the  Treasury. 

The  quarterl}'  accounts  current,  the  vouchers,  and  journals  have 
been  examined  and  found  correct. 
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StcUertieiU  of  regular  income  from  the  Smithsonian  fund  available  for  use  in  the  year 

ending  June  SO,  1903, 

Balance  July  1,  1902 $81,120.91 

Interest  due  and  receivable  July  1, 1902 $27, 360. 00 

Interest  due  and  receivable  January  1,  1903 27, 360. 00 

Interest,  Vx'est  Shore  Railroad  bonde,  due  July  1,  1902 840. 00 

Interest,  West  Shore  Railroad  bonds,  due  January  1, 190:5.  840. 00 

56,400.00 

Total  available  for  year  ending  June  30,  1903 137, 520. 91 

Respectfully  submitted. 

J.  B.  Henderson, 

Alexander  Graham  Bell, 

Robert  R.  Hitt, 

Executive  Q/inmittee, 

Washin(5TON,  D.  C,  January  H^  190S. 


ACTS  AND  RESOLUTIONS  OF  CONGRESS  RELATIVE  TO 
THE  SMITHSONIAN  INSTITUTION,  ETC. 

[Continued  from  previous  Reports.] 


[Fifty-seventh  Congress,  second  Region.] 
SMITHSONIAN   INSTITUTION. 

Smithsonian  Deposit  [Libraby  of  Congress]. — For  custodian, 
one  thousand  five  hundred  dollars;  one  assistant,  one  thousand  two 
hundred  dollars;  one  messenger,  seven  hundred  and  twenty  dollars; 
one  messenger  boy,  three  hundred  and  sixty  dollars;  in  all,  three 
thousand  seven  hundred  and  eight}''  dollars.  (Approved  February  25, 
1903;  Statutes,  XXXII,  SU.) 

Exchange  of  Public  Documents  [Library  of  Congress]. — For 
expenses  of  exchanging  public  documents  for  the  publications  of  for- 
eign governments,  one  thousand  eight  hundred  dollars.  (Approved 
Februar}'  25,  1903;  Statutes,  XXXII,  865.) 

NATIONAL   MUSEUM. 

For  oases,  furniture,  fixtures,  and  appliances  required  for  the  exhi- 
bition and  safe-keeping  of  the  collections  of  the  National  Museum, 
including  salaries  or  compensation  of  all  necessary  employees,  twenty- 
two  thousand  five  hundred  dollars.  i 

For  expense  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  National  Museum,  eighteen  thousand  dollars. 

For  continuing  the  preservation,  exhibition,  and  increase  of  the  col- 
lections from  the  surveying  and  exploring  expeditions  of  the  Govern- 
ment, and  from  other  sources,  including  salaries  or  compensation  of 
all  necessary  emploj^ees,  one  hundred  and  eighty  thousand  dollars,  of 
which  sum  five  thousand  five  hundred  dollars  mav  be  used  for  neces- 
sary  drawings  and  illustrations  for  publications  of  the  National 
Museum,  and  all  other  necessarj'^  incidental  expenses. 

For  purchase  of  specimens  to  supply  deficiencies  in  the  collections 
of  the  National  Museum,  ten  thousand  dollars. 

For  purchase  of  books*,  pamphlets,  and  periodicals  for  reference  in 
the  National  Museum,  two  thousand  dollai*s. 

Lin 
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For  repairs  to  buildings,  shops,  and  sheds,  National  Museum,  includ- 
ing all  necessary  labor  and  material,  fifteen  thousand  dollars. 

For  rent  of  workshops  and  temporary  storage  quarters  for  the 
National  Museum,  four  thousand  four  hundred  dollars. 

For  postage  stamps  and  foreign  postal  cards  for  the  National 
Museum,  five  hundred  dollars.  (Approved  March  3,  1903;  Statutes, 
XXXII,  1101,  1102.) 

Building  fob  National  Museum:  To  enable  the  Regents  of  the 
Smithsonian  Institution  to  commence  the  erection  of  a  suitable  fire- 
proof building  with  granite  fronts,  for  the  use  of  the  National 
Museum,  to  be  erected  on  the  north  side  of  the  Mall,  between  Ninth 
and  Twelfth  streets  northwest,  substantial!}^  in  accordance  with  the 
Plan  A,  prepared  and  submitted  to  Congress  by  the  secretary  of  the 
Smithsonian  Institution  under  the  provisions  of  the  act  approved 
June  twenty -eighth,  nineteen  hundred  and  two,  two  hundred  and  fifty 
thousand  dollars.  Said  building  complete,  including  heating  and  ven- 
tilating apparatus  and  elevators,  shall  cost  not  to  exceed  three  million 
five  hundred  thousand  dollars,  and  a  contract  or  contracts  for  its  com- 
pletion is  hereby  authorized  to  be  entered  into  subject  to  appropria- 
tions to  be  made  by  Congress.  The  construction  shall  be  in  charge  of 
Bernard  R.  Green,  superintendent  of  Buildings  and  Grounds,  Library 
of  Congress,  who  shall  make  the  contracts  herein  authorized  and  dis- 
burse all  appropriations  made  for  the  work,  and  shall  receive  as  full 
compensation  for  his  services  hereunder  the  sum  of  two  thousand  dol- 
lars annuall}'^  in  addition  to  his  present  salary,  to  be  paid  out  of  said 
appropriations.     (Approved  March  3,  1903;  Statutes,  XXXII,  1102.) 

For  the  Smithsonian  Institution,  for  printing  labels  and  blanks,  and 
for  the  *' Bulletins"  and  '^ Proceedings "  of  the  National  Museum,  the 
editions  of  which  shall  not  be  less  than  three  thousand  copies,  and 
binding,  in  half  turkey,  or  material  not  more  expensive,  scientific 
books  and  pamphlets  presented  to  and  acquired  by  the  National 
Museum  Library,  seventeen  thousand  dollars.  (Approved  March  3^ 
1903;  Statutes,  XXXII,  1146.) 

For  preseiTation  of  collections,  National  Museum,  sixty  cents. 
(Approved  March  3,  1903;  Statutes,  XXXII,  1075.) 

INTERNATIONAL   EXCHANGES. 

For  expenses  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessary 
employees,  and  the  purchase  of  necessary  books  and  periodicals^ 
twenty -six  thousand  dollars.  (Approved  March  3,  1903;  Statutes, 
XXXII,  1101.) 
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Geological.  Survey. — For  the  purchase  of  necessary  books  for  the 
library,  including  directories  and  professional  and  scientific  period- 
icals needed  for  statistical  purposes,  not  to  exceed  two  thousand  dol- 
lars, and  the  payment  for  the  transmission  of  public  documents 
through  the  Smithsonian  exchange,  four  thousand  dollars;  in  all,  six 
thousand  dollars.     (Approved  March  3, 1903;  Statutes,  XXXII,  1118.) , 

Naval  Observatory. — For  repairs  to  buildings,  fixtures,  and 
fences,  furniture,  gas,  chemicals,  and  stationery,  freight  (including 
transmission  of  public  documents  through  the  Smithsonian  exchange), 
foreign  postage,  and  expressage,  plants,  fertilizers,  and  all  contingeqt 
expenses,  two  thousand  five  hundred  dollars.  (Approved  February 
25,  1903;  Statutes,  XXXII,  889.) 

bureau  of  AMERICAN  ETHNOLOGY. 

For  continuing  ethnological  researches  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  compensation  of  all  necessary  employees  and  the  purchase  of  neces- 
sary books  and  periodicals,  forty  thousand  dollars,  of  which  sum  not 
exceeding  one  thousand  five  hundred  dollars  may  be  used  for  rent  of 
building.     (Approved  March  3, 1903;  Statutes,  XXXII,  1101.) 

NATIONAL   ZOOLOGICAL   PARK. 

For  continuing  the  construction  of  roads,  walks,  bridges,  water 
supply,  sewerage  and  drainage;  and  for  grading,  planting,  and  other- 
wise improving  the  grounds;  erecting  and  repairing  buildings  and 
inclosures;  care,  subsistence,  purchase,  and  transportation  of  animals; 
including  salaries  or  compensation  of  all  necessary  emplo3'ees,  the  pur- 
chase of  necessary  books  and  periodicals,  the  printing  and  publishing 
of  operations,  not  exceeding  one  thousand  five  hundred  copies,  and  gen- 
eral incidental  expenses  not  otherwise  provided  for,  ninety -five  thou- 
sand dollars;  one-half  of  which  sum  shall  be  paid  from  the  revenues  of 
the  District  of  Columbia  and  the  other  half  from  the  Treasury  of  the 
United  States.     (Approved  March  3,  1903;  Statutes,  XXXII,  1102.) 

For  Adams  Mill  road,  Columbia  road  to  Zoo,  grade  and  improve, 
seven  thousand  dollars.  (Approved  March  3, 1903;  Statutes,  XXXII, 
963.) 

That  in  order  to  more  fully  carry  out  the  intent  of  the  provision  in 
the  appropriation  act  approved  July  first,  nineteen  hundred  and  two, 
providing  for  the  expenses  of  the  government  of  the  District  of  Colum- 
bia, authorizing  the  readjustment  of  the  lines  of  the  streets  on  the 
east  side  of  the  Zoological  Park,  the  Commissioners  of  the  District  of 
Columbia  be,  and  they  are  hereby,  authorized  to  use  as  a  highway  so 
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much  of  the  Zoological  Park  as  lies  within  a  proposed  street  on  the 
cast  side  of  s^aid  Zoological  Park  between  Kenyon  street  and  Klingle 
road^  the  Wunds  of  said  street  being  located  as  follows:  The  east  build- 
ing line  to  be  distant  fifteen  feet  from  the  present  improved  thirty- 
foot  ix)adwav  and  the  west  line  to  be  distant  fortv-five  feet  from  the 
pivsent  impix>Yed  thirty-foot  roadway.  (Approved  March  3,  1903; 
Statutes,  XXXII,  963.) 

ASTROPHYSICAL   OBSERVATORY. 

For  maintenance  of  Astrophysical  Observatory^  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  the 
purchase  of  necessar}'  books  and  periodicals,  apparatus,  making  neces- 
sary observations  in  high  altitudes,  printing  and  publishing  results  of 
rcseai*ches,  not  exceeding  one  thousand  five  hundred  copies,  repairs 
and  alterations  of  buildings  and  miscellaneous  expenses,  fifteen  thou- 
sand dollars.     (Approved  March  3,  1903;  Statutes,  XXXII,  1101.) 

ILLUSTRATIONS   IN   GOVERNMENT   DOCUMENTS. 

That  no  part  of  the  appropriations  herein  made  for  printing  and 
binding  shall  be  used  for  an}'  illustration,  engraving,  or  photograph, 
in  any  docxmient  or  report  ordered  printed  by  Congress  unless  the 
order  to  print  expressly  authorizes  the  same,  nor  in  any  document  or 
rcjwrt  of  any  Executive  Department  or  other  Government  establish- 
ment until  the  head  of  the  Executive  Department  or  Government 
establishment  shall  certify  in  the  letter  transmitting  such  reix)rt  that 
the  illusti*ation  is  necessary  and  relates  entirely  to  the  transaction  of 
public  business.  (Sundry  civil  act,  approved  March  3,  1903;  Stat- 
utes, XXXII,  1147.) 


REPORT 

OF 

S.  P.  L^ISTG^LEY, 

SECRETARY   OF  THE  SMITHSONIAN   INSTITUTION, 

FOR  THE  YEAR  ENDING  JUNE  3«,  1902. 


To  the  Board  of  Regents  oftlie  Smithsonian  Institution, 

Gentlemen:  I  have  the  honor  to  present  herewith  my  report  show- 
ing the  operations  of  the  Institution  during  the  year  ending  June  30, 
1902,  including  the  work  placed  under  its  direction  by  Congress  in  the 
United  States  National  Museum,  the  Bureau  of  American  Ethnology, 
the  International  Exchanges,  the  National  Zoological  Park,  and  the 
Astrophysical  Observatory. 

Following  the  precedent  of  several  years,  there  is  given,  in  the  body 
of  this  report,  a  general  account  of  the  affairs  of  the  Institution  and 
its  bureaus,  while  the  appendix  presents  more  detailed  statements  by 
the  persons  in  direct  charge  of  the  different  branches  of  the  work. 
Independently  of  this,  the  operations  of  the  National  Museum  are 
fully  treated  in  a  separate  volume  of  the  Smithsonian  Report,  and  the 
Report  of  the  Bureau  of  American  Ethnology  constitutes  a  volume 
prepared  under  the  supervision  of  the  Director  of  that  Bureau. 

THE  SMITHSONIAN  INSTITUTION. 

THE   ESTABLISHMENT. 

By  act  of  Congress  approved  August  10,  1846,  the  Smithsonian 
Institution  was  created  an  Establishment.  Its  statutory  members  are 
the  President,  the  Vice-President,  the  Chief  Justice  of  the  United 
States,  and  the  heads  of  the  Executive  Departments.  The  preroga- 
tive of  the  Establishment  is  "the  supervision  of  the  affairs  of  the 
Institution  and  the  advice  and  instruction  of  the  Board  of  Regents." 

On  the  death  of  President  McKinley  on  September  14,  1901,  Vice- 
President  Roosevelt  succeeded  to  the  Presidency  and  a  vacancy 
occurred  in  the  vice-presidency.  Other  changes  were  caused  by  the 
resignation  of  the  Hon.  Lyman  J.  Gage,  Secretary  of  the  Treasury; 
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the  Hon.  John  D.  Long,  Secretary  of  the  Navj^  and  the  Hon.  Charles 
Emory  Smith,  Postmaster-General. 

As  organized  on  June  30,  1902,  the  Establishment  consisted  of  the 
following  ex  officio  members: 

Theodore  Roosevelt,  President  of  the  United  States. 

(Vacancy),  Vice-President  of  the  United  States. 

Melville  W.  Fuller,  Chief  Justice  of  the  United  States. 

John  Hay,  Secretary  of  State. 

Leslie  M.  Shaw,  Secretary  of  tJie  TreoMbry. 

Elihu  Root,  Secretary  of  War. 

Philander  C.  Knox,  Attorney-  Gen^^al. 

Henry  C.  Payne,  Posttnaste^}'- General. 

William  H.  Moody,  Secretary  of  the  Navy. 

Ethan  Allen  Hitchcock,  Secretary  of  the  Inter im\ 

James  Wilson,  Secretary  of  Agriculture. 

board  of  regents. 

The  Board  of  Regents  consists  of  the  Vice-President  and  the  Chief 
Justice  of  the  United  States  as  ex  officio  members,  three  members  of 
the  Senate,  three  members  of  the  House  of  Representatives,  and  six 
citizens,  "two  of  whom  shall  be  residents  of  the  city  of  Washington 
and  the  other  four  shall  be  inhabitants  of  some  State,  but  no  two  of 
them  of  the  same  State." 

In  accordance  with  a  resolution  of  the  Board  of  Regents  adopted 
January,  1890,  by  which  its  annual  meeting  occurs  on  the  fourth 
Wednesday  of  each  year,  the  Board  met  on  January  22,  1902,  at  10 
o'clock  a.  m. 

The  following  is  an  abstract  of  its  proceedings,  which  will  be  found 
in  detail  in  the  annual  report  of  the  Board  to  Congress: 

The  Secretary  stated  that  Vice-President  Roosevelt  had  been  ex  officio 
a  member  of  the  Board,  but  that  by  reason  of  his  succession  to  the 
Presidency  through  the  death  of  President  McKinley  his  membership 
upon  the  Board  had  ceased,  and  he  had  become  the  presiding  officer 
of  the  Institution.  In  accordance  with  precedent,  an  invitation  had 
been  extended  to  the  President  pro  tempore  of  the  Senate,  the  Hon. 
William  P.  Fr3^e,  to  attend  the  meeting  in  place  of  the  Vice-President. 

He  announced  the  reappointment,  as  Regents,  of  Representatives 
R.  R.  Hitt,  Robert  Adams,  jr.,  and  Hugh  A.  Dinsmore,  whose  terms 
had  expired. 

The  Secretary  presented  his  report  of  the  operations  of  the  Institu- 
tion for  the  fiscal  year  ending  June  30,  1901,  inviting  the  Board\s 
attention  to  the  statements  concerning  the  National  Zoological  Park, 
the  International  Exchange  Bureau,  and  the  other  interests  under 
their  charge.  He  spoke  particularly  with  regard  to  the  crowded  con- 
dition of  the  National  Museum,  the  need  for  additional  space  for  the 
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exhibition  and  care  of  the  increasing  collections,  and  the  need  of 
special  action  to  secure  it. 

After  discussion,  the  following  resolution  was  adopted: 

Hesohed^  That  a  committee  consisting  of  six  members  of  this  Board 
be  appointed  by  the  Chancellor,  whose  duty  it  shall  be  to  represent  to 
Congress  the  pressing  necessity  of  additional  room  for  the  proper 
exhioition  of  specimens  belonging  to  the  National  Museum,  and  of 
additional  appropriations  to  carry  on  the  work  of  the  Museum. 

The  Chancellor  appointed  as  members  of  this  committee  Senators 
Piatt,  CuUom,  and  Cockrell,  and  Representatives  Hitt,  Adams,  and 
Dinsmore. 

The  Board  adopted  the  aimual  reports  of  the  executive  and  perma- 
nent committees,  which  had  been  presented  by  their  chairman.  Senator 
Henderson.  The  usual  resolution  relative  to  income  and  expenditure 
was  adopted. 

The  Secretary  read  a  letter  from  the  authorities  of  the  British 
burial  ground  at  Genoa,  stating  that  when  the  time  arrived  for  the 
abolition  of  the  cemetery  by  the  Itnlian  Government  and  the  transfer 
of  the  bodies  there  to  a  new  site,  the  remains  of  Smithson  would  be 
reinterred  with  due  reverence  and  care. 

Mr.  Bell  said  that  he  would  like  very  much  to  have  the  records  show 
that  he  had  presented  to  the  Board  at  the  last  meeting  an  expression  of 
his  strong  feeling  that  the  remains  of  Smithson  should  be  brought  to 
this  country. 

The  Secretary  said  that  the  governor  of  New  Mexico  had  offered  to 
transfer  to  the  Institution  an  ancient  Spanish  palace  in  Santa  Fe,  on 
condition  that  it  be  maintained,  without  cost  to  the  State,  as  a  museum 
of  the  archaeology  of  the  Southwest.  After  discussion  the  Board 
decided  that  it  was  inadvisable  to  accept  the  proposition. 

The  Secretarv  said  that  since  the  foundation  of  the  Smithsonian 
Institution  there  had  perhaps  occurred  no  event  of  more  importance 
to  it  than  the  foundation  of  a  new  institution — the  Carnegie  Institu- 
tion— whose  declared  aims  and  general  purposes  were  nearly  those 
which  the  Institution  has  hitherto  considered  its  own.  Mr.  Carnegie 
invited  the  Secretary  of  the  Smithsonian  to  become  a  member  of  the 
board  of  trustees  for  the  management  of  this  fund,  in  the  following 
letter: 

December  27,  1901. 
Dear  Sir:  I  am  about  to  transfer  ten  mil  lions  of  5  per  cent  bonds  to  a  body  of 
trustees  for  the  purposes  described  in  the  inclosed  paper.    A  list  of  the  tnistees 
selected  is  also  inclosed 

It  will  be  a  source  of  much  pleasure  to  me  if  you  will  kindly  consent  to  serve. 
Truly  yours,  Andrew  Carnegie. 

The  Secretary  of  the  Smithsonian  Institution. 

The  letter  was  accompanied  by  a  list  of  the  trustees  and  by  a  state- 
ment of  the  considerations  which  led  to  the  establishment  of  the  foun 
datioD.     The  Secretary  read  the  articles  of  incorporation  of  the  new 
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institution,  and  stated  that  after  conference  with  the  Chancellor  and 
the  chairman  of  the  executive  committee,  he  had  accepted  the  trustee- 
ship in  the  following  .terms,   conditionally  on  the  approval  of  the 

board: 

December  31,  1901. 

Dear  Sir:  I  beg  to  acknowledge  the  receipt  of  your  communication  of  the  27th 
instant,  with  the  accompanying  papers  outlining  the  general  purpose  of  an  institution 
or  establishment  which  you  propose  to  found  in  the  city  of  Washington  for  the 
encouragement  of  research  and  kindred  purposes,  and  also  inclosing  a  list  of  proposed 
trustees,  in  which  you  are  good  enough  to  name  the  Secretary  of  the  Smithsonian 
Institution  as  an  ex  officio  member. 

It  will  give  me,  personally,  great  pleasure,  with  the  consent  of  the  Regents,  to 
accept  membership  upon  this  board,  and  I  desire  to  express  my  sense  of  warm  recog- 
nition of  the  large  purposes  which  have  inspired  you  to  make  this  noble  benefaction. 
I  accept  such  membership  in  the  absence  of  knowledge  as  to  details,  but  in  the  full 
confidence  of  a  sympathy  with  your  general  purpose. 

Very  respectfully,  yours,  S.  P.  Langley, 

Secretary. 
Andrew  Carnegie,  Esq., 

No.  5  West  Fifty-fifth  Street,  Neiv  Ycyrk  OUy. 

He  then  stated  certain  considerations  with  regard  to  the  relationship 
of  the  Smithsonian  Institution  to  the  Carnegie  Institution,  and  asked 
for  an  expression  of  the  opinions  of  the  Regents  for  his  instruction. 
After  discussion,  it  was  announced  as  the  sense  of  the  Board  that  the 
Secretary  should  accept  the  trusteeship  unfettered  by  instructions. 

The  Secretary  then  spoke  of  the  affairs  of  the  Bureau  of  Ethnology, 
and  of  the  Astrophysical  Observatory,  whose  first  volume  of  the 
Annals  he  exhibited.  With  regard  to  the  Observatory,  the  Secretary 
said  further  that  Congress  had  asked  for  a  report  of  the  appropriations 
granted  it  and  of  the  results  obtained.  Such  a  report  had  been  sub- 
mitted at  the  beginning  of  the  session,  and  had  been  ordered  printed. 
It  included  the  Annals  above  referred  to,  and  he  had  been  enabled  to 
add  a  number  of  commendatory  letters  from  eminent  men  of  science, 
such  as  Sir  George  Stokes,  Lord  Eayleigh,  Lord  Kelvin,  Sir  William 
Huggins,  Sir  Robert  Ball,  Prof.  Simon  Newcomb,  Prof.  E.  C.  Picker 
ing,  Prof.  G.  E.  Hale,  and  others. 

ORGANIZATION   OF  BOARD   OF   REGENTS. 

As  organized  at  the  end  of  the  fiscal  year,  the  Board  of  Regents 
consisted  of  the  following  members: 

The  Hon.  M.  W.  Fuller^  Chief  Justice  of  the  United  States,  Chan- 
cellor; the  Hon.  W.  P.  Frye,  President  pro  tempore  of  the  United 
States  Senate;  Senator  S.  M.  Cullom;  Senator  O.  H.  Piatt;  Senator 
Francis  M.  Cockrell;  Representative  R.  R.  Hitt;  Representative  Rob- 
ert Adams,  jr.;  Representative  Hugh  A.  Dinsmore;  Dr.  James  B. 
Angell;  Dr.  Andrew  D.  White;  the  Hon.  J.  B.  Henderson;  Prof.  A. 
Graham  Bell;  the  Hon.  Richard  Olney,  and  the  Hon.  George  Gray. 
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ADMINISTRATION. 

The  general  supervision  of  the  business  of  the  several  dependencies 
placed  by  Congress  under  the  direction  of  the  Institution  has  year  by 
year  required  the  increased  personal  attention  of  the  Secretary, 
although  as  far  as  seems  practicable  the  carrying  out  of  details  has 
been  left  to  those  in  immediate  charge  of  the  work  of  the  bureaus. 
The  cost  of  the  clerical  labor  involved  in  this  general  supervision  by 
the  Secretary's  oflSce  is  in  part  met  by  allotments  from  the  various 
Government  appropriations,  although  the  limited  income  of  the  Insti- 
tution is  still  drawn  upon  for  many  matters  which  should  properly  be 
pro^nded  for  by  Congress. 

The  Board  has  authorized  the  Secretary  to  lay  these  matters  before 
Congress,  but  the  needs  of  other  parts  of  the  Institution's  service 
have  seemed  so  pressing  that  he  has  as  yet  deferred  doing  so  in  favor 
of  such  other  demands. 

BUIIrDlNGS. 

Some  much-needed  repairs  to  the  main  roof  of  the  Smithsonian 
building  were  in  progress  at  the  close  of  the  fiscal  year.  In  this 
connection  it  seems  important  to  call  attention  to  the  necessity  of 
a  reconstruction  of  the  ceiling  and  other  renovations  of  the  large 
Anthropological  Hall,  whose  noble  dimensions  deserve  a  worthier 
treatment,  and  of  improving  the  access  to  it. 

Improvements  were  made  in  the  Smithsonian  basement  in  the 
quarters  occupied  by  the  Exchange  OflBce  and  a  hydmulic  elevator 
was  constructed  for  the  handling  of  heavy  packages. 

In  the  paragraphs  devoted  to  the  Museum  and  to  the  Zoological 
Park  mention  is  made  of  building  improvements  during  the  year. 

FINANCES. 

At  the  beginning  of  the  fiscal  year,  July  1,  1901,  the  unexpended 
balance,  as  stated  in  my  last  report,  was  $83,963.26.  During  the 
year  the  total  receipts  by  the  Institution  were  $66,811.09.  Of  this 
sum  $56,400  was  derived  from  interest,  while  the  remaining  $10,411.09 
was  received  from  miscellaneous  sources. 

The  disbursements  during  the  year  amounted  to  $69,653.44,  the 
details  of  which  are  given  in  the  report  of  the  executive  committee. 
The  Ijalance  remaining  to  the  credit  of  the  Secretary  on  June  30, 1902, 
for  the  expenses  of  the  Institution  was  $81,120.91.  A  considerable 
part  of  this  balance  is  held  against  the  accumulated  interest  on  the 
Hodgkins  and  other  funds  and  against  certain  contingent  obligations 
which  may  be  expected  to  mature  as  a  result  of  various  scientific  inves- 
tigations and  publications  in  progi'ess. 
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TTae  permanent  funds  of  the  Institution  are  as  follows: 

Bequest  of  8miths()n,  1846..  i $515,169.00 

Residuary  legacy  of  Smithson,  1867 : 26, 210. 63 

Deposits  from  savings  of  income,  1867 108, 620. 37 

Bequest  of  James  Hamilton,  1875 f  1, 000. 00 

Accumulated  interest  on  Hamilton  fund,  1 895 1, 000. 00 

2, 000. 00 

Bequest  of  Simeon  Ilabel,  1880 500. 00 

Deposits  from  proceecls  of  sale  of  l)ond8,  1881 51, 500. 00 

Gift  of  Thomas  G.  I lodgkins,  1 891 200, 000. 00 

Portion  of  residuary  legacry  of  Thoma-M  G.  HcMlgkins,  1894 .8, 000. 00 

Total  pennanent  fund 912, 000. 00 

The  above  fund  is  deposited  in  the  Treasury  of  the  United  States, 
under  the  provisions  of  the  act  organizing  the  Institution  and  the 
act  of  Congress  approved  March  12,  1894,  and  bears  interest  at  6  per 
cent  per  annum.  The  interest  alone  is  employed  in  carrying  out  the 
aims  of  the  Institution.  The  Regents  hold  certain  approved  railroad 
bonds,  in  addition  to  the  permanent  fund,  which  form  part  of  the  fund 
established  by  Mr.  Hodgkins  for  investigations  into  the  properties  of 
atmospheric  air. 

The  Institution  was  charged  })y  Congress,  during  the  fiscal  year  of 
1902,  with  the  disbursement  of  the  following  appropriations: 

International  Exchanges,  Smithsonian  Institution |24, 000 

American  Kthnology,  Smithsonian  Institution 50, 000 

Astnjphysical  Observatory,  Smithsonian  Institution 12, 000 

United  States  National  Museum: 

Furniture  and  fixtures |20, 000 

Heating  and  1  ighting 23, 000 

Preservation  of  collections 180, 000 

Purchase  of  specimens 10,  doo 

Postage : 500 

Books 2,000 

Rent  of  workshops 4, 400 

Repairs  to  buildings 27, 500 

(xalleries 5, 000 

Printing 17,000 

289  400 

National  Z(H)logical  Park 80^000 

Total 455,400 

Estimates  were  forwarded  as  usual  to  the  Secretary  of  the  Treas- 
ury for  carrying  on  the  Government's  interests  under  charge  of 
the  Smithsonian  Institution  for  the  fiscal  year  ending  June  30,  1903. 
The  following  table  shows  the  estimates  and  the  sums  respectively 
appropriated: 


REPORT    OF   THE   SECRETARY. 


International  £xcht:ngc» , 

American  Ethnology 

AstTophysical  ObHervatorj' • 

National  Museum: 

Furniture  and  fixtures , 

Heating  and  lighting 

Preser\'ation  of  collections 

Purchase  of  flpecimens , 

Books 

Repairs  to  buildings 

Rent  of  workshops 

Postage 

Plans  for  additional  fireproof  building 

Contributions  from  National  Museum  Herbarium. 

Printing 

National  Zoological  Park 

Aquarium 

Elephant  house 


Total. 


Estim 

ate«. 
926,000 

Appropria- 
tionH. 

a 

926,000 

60,000 

50,000 

15,000 

15,000 

$25,000 

822,500 

18,000 

18,000 

200,000 

180,000 

25,000 

10,000 

5,000 

2,000 

15,000 

15,000 

4,400 

4,400 

500 

500 

5,000 

5,000 

7,000 

7,000 

17,000 

321,900 

17,000 

otii    Ann 

110,000 

90,000 

25,000 

20,000 

155,000 

10,000 

.   .        100  (WO 

• 

577,900 

472,400 

nNot  including  supplementary  estimate  of  $3,800  submitted  February  12, 1902. 

RESEARCH. 

It  was  a  part  of  the  original  plan  of  the  Institution  that  its  Secretary 
should  not  give  his  time  wholly  to  adniini8ti*ative  duties,  but  should, 
as  a  student  of  nature,  directlj^  aid  in  its  scientific  investigations/^ 

Research  work  in  various  fields  of  science  has  been  continued  by 
the  Institution  and  its  dependencies.  The  Secretary  has  made  some 
progress  toward  the  solution  of  the  problem  of  mechanical  flight,  and 
has  been  carrying  on,  with  the  consent  of  the  Regents,  some  exjjeri- 
iiients  for  the  War  Department,  at  its  expense,  and  is  adding  other 
experiments,  partly  at  the  expense  of  the  Institution.  In  the  Astro- 
physical  Observatory  he  has  (continued  work  l>elieved  to  be  imix)rtant, 
and  inaugui-ated  some  experiments  of  novel  int<M*est,  which  are  referred 
to  later. 

Through  the  Museum  and  the  Bureau  of  American  Ethnology  the 
Institution  has  }>een  enabled  to  carry  on  various  biological  and  ethno- 
logical researches,  which  will  be  found  fully  described  elsewhere  in 
this  report  and  need  not  be  repeated  here. 

HODGKIN8   FUND. 

In  connection  with  the  administration  of  the  Hodgkins  fund,  papers 
recording  the  advance  of  specialists  along  various  interesting  lines  of 
investigation  have  been  sul)mitted,  some  of  which  are  now  in  course 
of  publication. 

*  Resolved f  That  the  Secretary  continue  his  researches  in  physical  science,  and  pre- 
sent such  facts  and  principles  as  may  be  developed  for  publication  in  the  Smithsonian 
contributions.      (Adopted  at  meeting  of  the  Board  of  Regents  January  26,  1847.) 
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The  report  of  the  research  on  the  spectrum  condncted  by  Dr.  Y  iefCr 
Schumann,  of  Leipzig,  has  received  extensive  additions  daring  the  year, 
notably  through  a  detailed  description  of  the  ingenious  apparatus  used 
in  his  work.  This  supplement  is  accompanied  by  illustrations  which 
appear  now  for  the  first  time,  although  Dr.  Schumann  has  been  author- 
ized to  announce  in  the  scientific  journals  of  his  own  country  the  dis- 
coveries made  in  the  course  of  his  experiments,  at  the  same  time 
notifying  the  Institution  of  his  progress. 

A  second  grant  on  behalf  of  Dr.  Schumann  has  been  approved  dur- 
ing the  year,  and  it  is  interesting  to  know  that  Harvard  University, 
recognizing  the  value  of  bis  work,  has  also  awarded  him  a  grant.  The 
new  Physical  Institute  of  the  Royal  Academy  of  Sciences  in  Leipzig 
has  likewise  aided  this  research  by  placing  laboratory  room  at  the  dis- 
posal of  Dr.  Schumann,  who,  it  is  hoped,  will  be  able  in  the  near 
future  to  secure  still  more  complete  results  from  his  painstaking 
experiments  in  vacuum  specti-oscopy. 

The  memoir  by  Dr.  Carl  Barus,  mentioned  in  my  last  report  as  in 
course  of  publication,  has  been  issued  during  the  year  as  part  of  Vol- 
ume XXIX,  Smithsonian  Contributions  to  Knowledge.  It  describes 
experiments  with  ionized  air  begun  by  Dr.  Barus  some  years  since 
and  recently  prosecuted  under  a  Hodgkins  grant  from  the  Institution. 
The  research  was  tributary  to  an  investigation  of  the  coloi*s  of  cloudy 
condensation.  Lord  Rayleigh^s  famous  theory,  if  applied,  would  stop 
at  the  deep  reds  of  the  first  order,  terminating  in  opaque,  whereas  in 
the  laboratory  experiments  exceptionally  brilliant  colors,  extending 
almost  into  the  third  order  of  Newton's  series,  may  }>e  produced.  It 
was  thus  essential  as  a  preliminary  step  to  investigate  appropriate 
means  for  the  production  of  nuclei,  to  determine  their  number  per 
cubic  centimeter,  their  velocity,  their  association  with  ionization,  the 
effect  of  the  pressure  of  an  electric  field,  etc.  This  was  the  general 
trend  of  the  experiments  by  Dr«  Barus.  The  endeavor  was  made  with 
the  aid  of  the  condensation  tube  to  show  that  the  nucleus  has  a  specific 
velocity  of  its  own,  and  that  this  is  retained  even  in  the  absence  of  an 
electric  field.  The  application  of  this  principle  to  plate,  to  tubular, 
and  to  spherical  condensers  leads,  in  every  case  and  in  spite  of  the 
variation  of  method,  to  an  order  of  values  as  to  the  number  of  parti- 
cles in  action,  agreeing  with  the  data  obtained  by  other  investigators 
from  different  experiments  and  theoretically  different  points  of  view. 

A  second  grant  has  been  approved  on  behalf  of  Dr.  Barus,  and  a 
new  memoir  on  the  structure  of  the  nucleus,  detailing  experiments 
subsequent  to  those  described  in  the  volume  just  published  is  soon  to 
be  submitted  by  him. 

The  experiments  in  air  ^'esistance  b}*  Mr.  C.  Canovetti,  referred  to 
in  the  Secretary's  last  report,  which  were  begun  at  Brescia,  Italy,  of 
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which  city  he  was  at  that  time  engineer  in  chief,  have  been  continued 
in  Italy,  where  by  means  of  an  ingenious  apparatus  he  has  prosecuted 
a  research  which  has  been  reported  upon  in  detail,  with  illustrations 
accompanied  by  tables  giving  the  numerical  results  attained.  After 
compliance  with  the  request  of  the  Institution  in  regard  to  submitting 
his  report,  a  second  moderate  grant  was  approved  on  behalf  of  Mr. 
Canovetti  in  March  of  this  year.  A  report  of  the  results  of  the 
experiments  under  this  second  grant  is  now  awaited. 

Dr.  von  Lendenfeld,  of  the  University  of  Prague,  who  has  been 
aided  by  a  grant  from  the  Hodgkins  fund,  reports  that  his  studies  are 
now  suflSciently  advanced  to  enable  him  to  begin  the  prepai'ation  of 
his  manuscript  for  publication.  Telephotogi'aphy  has  been  extensively 
and  successfully  used  in  this  research,  and  the  summary  of  work 
already  submitted  is  accompanied  by  interesting  illustrations. 

A  monograph  embodying  the  results  of  the  completed  research, 
which  will  be  published  later,  will  present  an  anatomical  and  physio- 
logical study  of  insects,  the  lower  vertebrates  (Exocoetus,  Draco, 
etc.),  birds,  mammals  (Petaurus,  Geleopithecus,  etc.),  and  will  treat 
of  the  polygenetic  development  of  the  organs  of  flight  in  animals. 
The  physical  properties  of  the  air,  wind  velocities,  resistance,  etc., 
will  be  considered,  and  it  is  hoped  that  the  publication  will  not  only 
prove  of  general  interest  but  will  become  a  valuable  work  of  reference 
for  students. 

Dr.  Marey,  of  the  French  Institute,  mentioned  in  my  last  report  as 
having  been  awarded  a  grant  from  the  Hodgkins  fund,  is  still  contin- 
uing his  most  interesting  experiments.  The  application  of  metro- 
photography  and  chronophotography  to  this  investigation  has  been 
described  by  Dr.  Marey  in  a  paper  of  such  general  value  that  it  was 
published  in  the  appendix  to  the  report  of  the  Secretary  for  1901.  In 
this  edition  of  the  paper  are  included  copies  of  special  and  interesting 
photographs  which  have  been  forwarded  to  the  Institution  by  Dr. 

Marev. 

The  research  into  the  nature  of  vowels  by  Prof.  Louis  Bevier,  of 
Butgers  College,  has  been  repoi-ted  on  through  a  series  of  published 
articles,  transmitted  by  the  author  to  the  Institution,  which  record 
in  detail  the  results  thus  far  obtained.  The  investigation  is  still  in 
progress,  the  vowel  series  from  a  to  u  being  now  under  analysis  and 
discussion. 

During  this  year  a  grant  has  been  approved  on  behalf  of  Mr.  E.  C. 
Huffaker  for  the  construction  and  practical  application  of  a  device 
intended  to  produce  a  uniform  and  measured  flow  of  air  through  a 
tube  of  any  desired  diameter. 

This  apparatus  is  primarily  designed  for  use  in  connection  with 
investigations  in  the  line  of  biology,  and  Jt  has  already  been  applied 
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to  exact  experiments  in  the  development  of  the  embryo  in  the  egg. 
It  i.s  hoped  that  by  means  of  this  invention  facts  may  be  established 
which  will  prove  of  practical  value. 

The  meteorological  investigation  in  connection  with  air  currents  at 
varying  altitudes,  heretofore  reported  on  as  conducted  by  Mr.  A.  L. 
Kotch  at  Blue  Hill  Meteorological  Observatory,  have  been  supple- 
mented this  year  b}^  a  series  of  experiments  on  the  lift  and  drift  of 
the  wind  on  plane  and  curved  surfaces.  Mr.  A.  A.  Merrill,  who  was 
recommended  by  Mr.  Rotch  for  this  work,  received  a  grant  from  the 
Hodgkins  fund  and  has  from  time  to  time  reported  the  result  of  his 
experiments. 

The  grant  to  the  Journal  of  Terrestrial  Magnetism  and  Atmospheric 
Electricity  has  been  continued  during  the  past  year,  a  specified 
number  of  copies  of  the  Journal  being  sent  out,  as  directed  by  the 
Institution,  to  specialists  and  to  educational  establishments. 

In  May,  1902,  an  application  for  a  grant  from  the  Hodgkins  fund 
was  made  by  Prof.  Morris  W.  Travers,  of  University  College,  London, 
which,  after  the  customary  reference,  examination,  and  discussion, 
was  approved  in  June  of  this  year.  Professor  Travers  has  been  the 
colleague  of  Prof.  William  Ramsey  in  his  later  researches  upon  the 
rare  gases  of  the  atmosphere,  and  is  now  engaged  in  an  investigation 
which  will  deal  largely  with  the  liquid  properties  of  hydrogen. 

A  summary  of  the  progress  of  this  investigation,  on  behalf  of  which 
the  final  grant  of  this  year  is  approved,  will  find  place  in  the  next 
report. 

Th(»,  difiiculties  in  the  way  of  submitting,  during  the  progress  of  a 
research,  a  report  which  is  even  measurably  satisfactory  to  an  inves- 
tigator, are  apprecuated  by  the  Secretary,  whose  duty  it  becomes,  year 
by  year,  to  record  so  far  as  possible  the  advance  of  the  investigations 
which  the  tenns  of  the  Iwquest  allow  him  to  aid  by  grants  from  the 
Hodgkins  fund. 

In  November,  1901,  a  special  committee,  the  members  of  which 
repres»3nted  the  departments  of  biology,  physics,  chemistry,  geology, 
meteorolog}',  astrononi} ,  electricity,  and  anthropolog}-,  was  appointed 
to  cx)nsider  the  award  of  the  Hodgkins  si)ecial  medal,  which,  as  stated 
in  the  rejxjrt  for  1899,  is  })estowed  only  for  important  contributions 
to  the  knowledge  of  the  nature  and  properties  of  atmospheric  air,  or 
for  original  and  pi'actical  applications  of  present  knowledge  to  the 
welfare  of  mankind,  thus  complying  not  only  with  the  tenns  of  the 
Hodgkins  Fund,  but  also  furthering  the  expressed  aim  of  the  founder 
of  the  Institution. 

As  will  be  remembered,  the  first  special  Hodgkins  medal  was  awarded 
in  1S99  to  Prof.  James  Dewar,  of  the  Royal  Institution  of  Great  Britain. 

In  accordance  with  the  recommendation  of   the  committee,   the 
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present  award  is  made  to  Prof.  J.  J.  Thomson,  of  Trinity  College, 
Cambridge,  England,  and  is,  broadly  stated,  for  his  investigations 
on  the  conductivity  of  gases,  especially  on  the  gases  that  compose 
atmospheric  air. 

NAPLES   TABLE. 

The  lease  by  the  Institution,  for  a  third  term  of  three  years,  of  a 
table  in  the  Naples  Zoological  Station,  which  expired  on  the  30th  of 
June,  1902,  has  been  extended  until  the  81st  of  December  of  the  same 
year.  Following  this  action,  numerous  applications  for  the  Smith- 
sonian seat,  which  had  necessarily  been  held  pending,  were  taken  up 
for  consideration.  The  question  as  to  the  renewal  of  the  lease  for 
another  term  of  yeai"s  is  now  receiving  careful  consideration,  and  will 
be  decided  before  the  expiration  of  the  present  contract. 

The  Secretary  visited  the  Naples  Station  during  the  summer  and 
wiEU»  pleased  with  the  investigations  carried  on  there.  The  Smith- 
sonian Institution,  through  its  cooperation  in  this  work,  has  been 
brought  in  touch  with  many  institutions  of  learning  in  the  United 
States,  but  it  is  to  be  hoped  that  it  may  receive  from  some  extraneous 
source  the  means  of  continuing  this  lease  for  the  benefit  of  all  Ameri- 
can biologists,  which  if  renewed  must  divert  to  this  useful  but  extrane- 
ous purpose  funds  needed  for  others. 

In  November,  1901,  Dr.  C.  W.  Prentiss,  to  whom  a  traveling  Parker 
Fellowship  had  been  awarded  by  Harvard  University,  applied  for  and 
received  the  appointment  to  the  Smithsonian  seat  in  the  Naples  Station 
for  March,  April,  and  May,  1902.  Being  reappointed  Parker  Fellow 
while  in  residence  at  Naples,  Dr.  Prentiss  asked  for  a  prolongation  of 
his  term  through. the  months  of  June  and  July.  The  unavoidable 
delay  in  replying  to  this  request,  caused  by  the  uncertainty  as  to  the 
extension  of  the  lease,  was  not  allowed  to  work  to  the  disadvantage  of 
the  applicant  by  Dr.  Dohrn,  who  kindly  invited  him  to  continue  his 
occupancy  until  a  decision  was  reached  by  the  Institution. 
'  Numerous  other  applicants  were  also,  to  my  regret,  kept  in  uncer- 
tainty in  regard  to  their  appointments,  but  although  this  fact  finally 
brought  three  and  even  four  Smithsonian  appointees  to  Naples  at  the 
same  time,  and  for  an  extended  period,  they  were  all  courteously 
arranged  for  by  the  obliging  director  of  the  station.  The  details  of 
these  appointments  will  receive  mention  in  the  report  for  the  coming 
year,  to  which  they  belong  and  are  accredited.  It  may  be  added  that 
numerous  applications,  for  periods  beyond  the  present  extension  of 
the  lease,  are  now  held  for  action,  awaiting  a  decision  as  to  its  renewal. 
'  The  Secretary  desires  to  express  again  his  appreciation  of  the  ready 
and  efficient  aid  rendered  him  year  after  yeai-  b}'^  the  advisory  com- 
mittee in  the  examination  of  credentials  and  in  recommendations  as  to 
appointments. 
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EXPLORATIONS. 

The  InKtitution  has  continued  to  carry  on  various  biological  and 
ethnological  explorations  through  the  medium  of  the  National  Museum 
and  the  Bureau  of  American  Ethnology,  and  has  also  cooperated  with 
the  Executive  Departments  in  thcvse  directions.  The  details  of  most 
of  these  explorations  are  given  in  the  paragraphs  devoted  to  the  sev- 
eral bureaus. 

PUBLICATIONS. 

In  the  publications  of  the  Institution  the  double  aim  of  its  founder 
is  represented  that  it  should  exist  for  (1)  the  ''increase'"  and  (2)  the 
*' diffusion''  of  knowledge. 

The  recording  of  results  of  original  researches,  the  inereaj<e  of 
knowledge,  is  chiefly  through  the  series  of  Contributions  to  Knowl- 
edge, a  quarto  work  begun  in  1848,  and  in  which  more  than  140  valu- 
able memoirs,  collected  in  32  volumes,  have  so  far  been  published. 
To  this  series  has  been  added  during  the  year  a  memoir  by  Dr.  Carl 
Bainis  giving  the  results  of  his  experiments  in  ionized  air,  the  investi- 
gation having  been  aided  by  a  grant  from  the  Hodgkins  fund,  as 
mentioned  above. 

The  first  edition  of  one  of  the  memoirs  of  Contributions,  published 
in  181)1,  showing  the  results  of  the  Secretary's  experiments  in  aero- 
dynamics, having  become  exhausted,  a  second  edition  has  been  printed 
from  the  stereotype  plates,  with  a  few  additional  observations. 

To  the  series  of  Miscellaneous  Collections,  in  octavo  form,  have 
been  added  a  List  of  Observatories,  a  work  on  the  Literature  of 
Manganese,  and  an  Index  to  the  Literature  of  the  Spectroscope. 

The  Contributions  and  Miscellaneous  Collections,  being  printed  at 
the  expense  of  the  Smithsonian  income,  are  necessarily  published  in 
limited  editions  of  1,500  copies,  which  are  distributed  as  widely  as  pos- 
sible to  the  larger  libraries  and  institutions  of  the  world.  The  total 
distribution  of  these  during  the  year  was  11,645  volumes  and  memoii>. 

The  Smithsonian  Report  is  the  only  publication  issued  in  large  num- 
bers, the  edi  ion  being  at  present  about  12,000  copies,  7,0<X)  of  which 
arc  placed  at  the  disposal  of  the  Institution,  the  remaining  5,0(H)  being 
distributed  by  Congress  or  to  depositories  designated  by  law.  This 
work  is  published  at  the  expense  of  the  Government  and  has  come  to 
be  in  such  great  |K>pular  demand  that  the  entire  edition  of  the  19(K) 
report,  of  which  the  general  distribution  was  made  in  October,  1901, 
was  exhausted  in  a  few  months,  even  before  the  1901  report  could 
l)c  made  ready  for  the  printer. 

The  volume  is  primarily  a  Rejx)!!  of  the  Board  of  Regents  to  Con- 
gress concerning  thcoperations  and  expenditures  during  the  year,  and 
includes  the  Proceedings  of  the  Regents'  meeting  in  January  of  each 
year,  the  financial  report  of  the  executive  committee,  the  report  of 
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the  Secretary,  giving  an  account  of  the  year's  work,  and  a  general 
appendix.  Its  appendix,  however,  forms  a  distinct  and  popular  part 
of  the  work  and  is  one  of  the  principal  methods  employed  by  the 
Institution  in  the  diffusion  of  knowledge.  In  the  appendix  are  pub- 
lished a  large  number — sometimes  as  many  as  50 — papers  of  public 
interest. 

The  Seci'etary  has  said  elsewhere:  "These  papers  have  a  purpose 
distinct  from  any  others  published  by  the  Institution.  They  are  only 
occasionally  original  contributions  to  science.  They  are  not  for  the 
professional  reader  only,  or  even  chiefly,  but  they  are  addressed  to  that 
large  body  of  the  public  which  has  a  general  interest  in  scientific  mat 
ters  without  special  knowledge.  While  it  is  always  a  recommendation 
that  they  should  have  been  written  by  recognized  authorities,  yet  this  is 
of  minor  importance  if  the  articles  are  sound  expositions  of  the  sub- 
ject. The  essential  thing  is  that  they  should  be  not  only  sound  and 
instructive,  but  timely  and  interesting  to  the  nonprofessional  reader, 
and  in  that  good  sense  popular.  If  they  are  accompanied  by  illustra- 
tions, all  the  better.  As  they  are  intended  to  serve  as  a  kind  of 
popular  sui'A'ey  of  the  whole  field  of  the  sciences,  both  physical  and 
biological,  for  the  current  year,  it  is,  as  a  rule,  impracticable  to  print 
more  than  one  paper  on  any  particular  subject." 

A  portion  of  the  edition  of  the  report  is  distributed  in  the  fonu  of 
pamphlets  of  individual  papers,  and  where  any  of  these  are  of 
particular  interest  additional  copies  are  printed  at  the  expense  of  the 
Institution.  Of  the  19()1  report  23,750  copies  of  separate  papers  have 
thus  l)een  ordered  for  special  distribution. 

It  is  impossible  to  meet  the  great  demand  from  individuals  for  the 
repoils,  more  than  5,000  copies  being  required  to  supply  a  selected  list 
of  libi'aries  and  institutions  of  learning,  to  which  the  work  has  been 
regularly  sent  for  many  years.  The  total  distribution  of  volumes  or 
separate  parts  of  reports  during  the  past  fiscal  year  aggregated 
40,998.« 

This  publication,  then,  is  distributed  not  only  to  a  large  number  of 
libraries  throughout  the  world,  but  it  is  also  addressed  to  as  many  as 
possible  of  the  hundreds  of  individual  applicants  of  all  classes  who 
seem  eager  to  learn  of  the  world's  advance  in  the  several  branches  of 
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knowledge.  It  is  hy  these  reports,  which  are  in  a  good  sense  i>opuIar, 
as  well  as  by  its  original  scientific  works,  that  the  Institution  grows 
each  year  better  known  sis  one  of  those  whose  influence  for  good  is 
limited  by  no  boundary,  but,  as  its  motto  declares,  goes  ''throughout 
the  world."  In  this  the  Secretary  has  for  some  years  past  imitated 
the  action  of  his  honored  predecessor,  Henry,  in  giving  a  great  deal 
of  his  personal  attention  to  its  editorship,  with  a  view  to  making  it  of 
more  popular  interest,  and  he  has  been  gratified  at  the  large  demand 
just  referred  to,  with  which  the  result  of  his  labors  has  been  met. 

In  addition  to  the  preceding  publications  by  the  Institution  proper, 
a  considerable  number  of  works,  chiefly  on  biological  topics,  have 
been  added  to  the  Museum  series. 

Of  the  publications  of  the  Bureau  of  American  Ethnology,  the 
second  part  of  the  Eighteenth  Report  for  the  fiscal  year  1896-97 
was  distributed,  also  the  separate  papers  of  the  Nineteenth  Report 
for  1897-98.  The  manuscripts  of  the  Twentieth,  Twenty-first,  and 
Twenty-second  Reports  for  the  years  1899  to  1901  were  transmitted 
to  the  printer  during  the  last  half  of  the  fiscal  year. 

Mention  may  also  be  made  of  a  special  edition  of  Volume  I  of  the 
Annals  of  the  Astrophysical  Observatory,  reprinted  from  a  Senate 
document  of  which  it  formed  a  part.  This  document^  consisted  of  a 
volume  of  339  pages  and  44  plates,  submitted  to  Congress  in  response 
to  the  following  item  in  the  sundry  civil  act  of  March  3,  1901:  "That 
the  Secretary  of  the  Smithsonian  Institution  is  directed  to  report  to 
Congress  on  the  first  day  of  the  next  regular  session  an  entire 
account  of  all  appropriations  heretofore  expended  by  the  Astro- 
physical  Observatory,  what  results  have  been  reached,  and  what  is 
the  present  condition  of  the  work  of  said  Ob8er>'atory.''* 

The  Secretary  during  the  3^ear  transmitted  to  Congress  the  Annual 
Report  of  the  American  Historical  Association  for  the  year  1901,  and 
also  the  Fourth  Report  of  the  National  Society  of  the  Daughters  of 
the  American  Revolution.  The  Institution  has  no  share  in  the  dis- 
tribution of  the  latter  report,  only  the  "usual"  document  number 
(1,6H2)  being  printed.  Of  the  Historical  Reports  a  limited  number, 
beginning  with  the  1894  report,  have  been  at  the  disposal  of  the  Insti- 
tution for  distribution  to  the  larger  historical  societies  of  the  world 
in  exchange  for  their  publications. 

LIBRARY. 

The  accessions  to  the  Smithsonian  deposit  in  the  Library  of  Congress 
during  the  year  were  1,678  volumes,  20,834  parts  of  volumes,  3,732 
pamphlets,  and  414  charts,  or  a  total  of  26,658,  extending  the  acce»ssion 
numbers  to  445,523.     The  libraries  of  the  Secretary^  oflice,  and  of 

«  Senate  Document  No.  20,  Fifty-seventh  Congrese^  first  seflsion. 
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the  Aatrophysical  Observatory  were  also  increased  by  4:96  volumes 
and  2,587  parts  of  volumes. 

A  very  complete  and  valuable  collection  of  books  and  pamphlets 
relating  to  Napoleon  Bonaparte  has  been  presented  to  the  Institution 
by  Gen.  John  Watte  de  Peyster,  and  will  be  known  as  the  "Watts  de 
Peyster  Collection,  Napoleon  Bonaparte/'  The  2,000  volumes  in  this 
series  are  from  many  countries  and  in  many  languages. 

The  Smithsonian  Art  Room,  placed  in  general  charge  of  the  libmrian, 
has  been  made  attractive  by  a  rearrangement  of  the  cases  containing 
the  valuable  engravings  and  books  on  art  belonging  to  the  Institution, 
and  steps  have  been  taken  for  exhibiting  a  reproduction  of  the  Parthe- 
non frieze  around  the  entire  room. 

Several  years  ago  the  Secretary  organized  an  employees'  library, 
which  has  proved  to  be  very  popular,  and  a  branch  has  been  established 
in  the  National  S^oological  Park. 

The  accessions  to  the  National  Museum  Library  were  19,553  books, 
.pamphlets,  and  periodicals.  Its  crowded  condition  has  been  relieved 
by  the  addition  of  galleries,  making  a  total  floor  space  of  2,592  square 
feet.  Thirty  sectional  libraries  are  established  in  the  departments  of 
the  Museum,  thus  making  readily  accessible  to  those  in  charge  of  the 
several  branches  of  scientific  research  the  books  directly  pertaining 
to  their  work,  while  the  administration  of  these  sectional  libraries  is 
under  the  control  of  the  Museum  librarian. 

Since  the  Secretary's  last  report,  considerable  work  has  been  done 
in  the  maintenance  of  the  International  Catalogue  of  Scientific  Liter- 
ature, an  allotment  from  the  Institution's  fund  permitting  the  estab- 
lishment of  a  regional  bureau.  An  annual  appropriation  of  about 
$10,000  is  needed  for  the  United  States  Regional  Bureau,  and  it  is 
hoped  that  Congress  may  provide  such  an  amount  for  the  accomplish- 
ment of  this  undertaking,  so  important  to  every  branch  of  scientific 
learning,  a  work  that  no  single  institution  could  be  expected  to  carry 
forward.  The  importance  of  the  catalogue  and  the  methods  of  its 
preparation  have  been  fully  explained  in  previous  reports. 

CORRESPONDENCE. 

Though  the  correspondence  of  the  Institution  has  increased  during 
the  year,  it  has  been  promptly  dispatched  and  the  routine  is  not  in 
arrears.  This  correspondence  embraces  not  only  communications 
referring  to  the  work  of  the  Institution  proper,  but  also  to  the  National 
Museum,  the  International  Exchanges,  the  Bureau  of  American  Ethnol- 
ogy, the  National  Zoological  Park,  and  the  Astrophysical  Observatory. 
Such  matters  as  require  the  x>ersonal  attention  of  the  Secretary,  or 
relate  to  the  business  of  the  parent  Institution  are  retained  in  the 
Institution,  while  communications  relating  to  the  work  of  the  bureaus 
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are  referred  to  the  proper  officials  for  recommendations  to  the  Secre- 
tary or  for  direct  reply. 

The  system  of  recording  and  distributing  letters  has  been  unchanged 
since  1S90,  except  in'  a  few  unimportant  particulars.  Ever}''  letter 
receives  a  reply,  which  is  sent  as  promptly  as  the  circumstances  may 
allow.  The  matters  of  inquiry  are  perhaps  more  varied  and  embrace 
a  wider  range  of  topics  than  obtains  in  other  departments  of  the  Gov- 
ernment. A  register  is  kept  of  such  letters  as  are  of  importance,  in 
which  is  noted  in  each  instance  the  date  of  the  letter,  its  subject,  the 
official  to  whom  referred  for  attention,  the  date  of  reply,  and  the  place 
of  filing.  The  letters  are  filed  alphabetically,  with  a  notation  of  each 
on  a  card  catalogue,  giving  a  brief  synopsis  of  its  contents.  The 
papers  relating  to  certain  special  matters  are  kept  separately  in  a 
series  of  smaller  file  boxes. 

In  preparing  the  correspondence  involved  in  the  distribution  of  pub- 
lications much  labor  is  saved  by  the  use  of  printed  mailing  cards,  often 
requiring  only  the  insertion  of  the  name  and  address  of  the  person  for 
whom  intended. 

The  correspondence  relating  to  civil-service  matters  has  grown 
steadily  since  the  bureaus  of  the  Institution  were  placed  under  the 
operation  of  the  civil-service  law  in  1896,  and  a  separate  series  of 
press-copy  books  and  a  sepai*ate  file  of  letters  relating  to  such  matters 
are  kept,  as  well  as  a  special  file  for  the  reception  of  papers  not  relating 
directly  to  the  personnel  of  the  several  bureaus. 

EXPOSITIONS. 

liuffaUj  and  Cluidcston  expositions, — ^The Institution  audits  bureaus 
participated  in  the  Pan-American  Exposition  held  at  Buffalo  from  May 
1  to  November  1,  1901,  and  by  authority  of  the  President  the  exhibits 
there  displayed  were  transferred  to  the  South  Carolina  Interstate  and 
West  Indian  Exposition  held  at  Charleston  from  December  1,  1901, 
to  May  31,  1902.  Dr.  F.  W.  True,  of  the  National  Museum,  was 
appointed  by  the  Secretary  to  represent  the  Institution  on  the  board 
in  charge  of  the  Government  exhibits  at  l)oth  these  expositions,  and 
his  report  on  the  Buffalo  Exposition  will  be  found  in  the  Appendix. 

Louuiana  Purclime  Expoidtion, — Congress  having  made  an  appro- 
priation for  a  Government  building  and  exhibit  at  the  exposition  to 
be  held  in  St.  Louis  in  1904,  the  Secretary  has  appointed  Dr.  True  to 
represent  the  Institution  and  its  bureaus  in  the  preparation  and 
installation  of  the  exhibits. 

MISCELLANEOUS. 

Baird  stattce. — Several  petitions  having  been  presented  to  the 
Senate  at  its  last  session  for  the  erection  of  a  statue  to  Prof.  Spencer 
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F.  Baird,  the  second  Secretary  of  this  Institution,  and  an  eminent 
naturalist,  it  seems  proper  to  recall  that  a  bill  was  introduced  in  the 
Senate  on  December  12,  1887,  by  Senator  Morrill  appropriating  the 
sum  of  $15,000  for  a  statue  in  bronze  of  Professor  Baird.  The  bill 
was  referred  to  the  Senate  Committee  on  Public  Buildings  and 
Grounds,  from  which  it  was  reported  on  December  21  of  the  same 
year,  and  passed  by  the  Senate  on  February  9, 1888.  On  February  13 
it  was  referred  to  the  House  Committee  on  the  Library,  from  which 
it  failed  of  report. 

Senator  Morrill  afterwards  reported  for  the  Committee  on  Public 
Buildings  and  Grounds  an  amendment  to  the  sundry  civil  bill  for  1890, 
appropriating  the  sum  above  mentioned  for  the  erection  of  the  statue. 
The  amendment  was  referred  to  the  Senate  Appropriations  Commit- 
tee, but  was  not  included  in  the  bill  as  reported  from  the  committee. 

The  Secretaiy  called  attention  to  the  matter  in  his  reports  for  the 
years  1889,  1890,  1891,  1892,  and  1894,  where  the  hope  was  expressed 
that  the  bill  would  receive  favorable  consideration. 

Natuynal  gallery  of  Anier-lcayi  art. — A  bill  having  been  introduced 
in  Congress  at  its  last  session  for  the  construction  of  a  national  gal- 
lery of  art,  the  attention  of  Senator  Penrose,  who  presented  the  bill, 
was  i-alled  to  the  fact  that  section  5586  of.  the  Revised  Statutes  speci- 
fies, among  other  things,  that  whenever  suitable  arrangements  can  be 
made  from  time  to  time  for  their  reception,  all  objects  of  art  belong- 
ing to  the  United  States  shall  be  delivered  to  such  persons  as  may  be 
authorized  by  the  Board  of  Regents  of  the  Smithsonian  Institution  to 
receive  them,  and  so  armnged  and  classified  in  the  building  erected 
for  the  Institution  as  best  to  facilitate  their  examination  and  study. 
In  compliance  with  this  provision  of  law  the  Institution  has  for  many 
years  maintained  a  collection  of  art  objects,  to  which  has  been  added 
from  to  time,  by  gift  and  purchase,  paintings,  bronzes,  etc.,  though 
with  its  limited  fund  the  acquisitions  by  purchase  have  not  been 
numerous.  It  was  suggested  to  Senator  Penrose  that  should  there  be 
any  likelihood  of  the  passage  of  the  bill  the  Smithsonian  Institution, 
which  has  always  concerned  itself  with  art,  would  be  the  natural  custo- 
dian of  a  national  gallery.  The  bill  is  still  pending,  and  will  probably 
come  up  for  action  during  the  next  session  of  Congress. 

Intei^nxitional  Zoological  Congress, — At  the  Fifth  International  Zoo- 
logical Congress  held  in  Berlin,  Germany,  August  12-16,  1901,  the 
Institution  was  represented  by  Dr.  Leonhard  Stejneger,  of  the  National 
Museum,  who  reports  as  follows: 

The  congress  was  opened  on  August  12,  and  lasted  until  August  16, 
when  the  delegates  and  members  adjourned  to  attend  the  reception 
given  in  their  honor  by  the  High  Senate  of  Hamburg.  It  was  in  every 
respect  a  success.  One  of  the  main  factors  of  this  success  was  the 
unexampled  interest  in  the  congress  displayed  by  the  German  Govern- 
ment.    A  large  sum  of  money  was  placed  at  the  disposition  of  the  com- 
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mittee  by  the  Government,  and  the  German  Crown  Prince,  as  the  high 
protector  of  the  congress,  was  only  prevented  from  opening  the  con- 
gress in  person  by  the  death  of  his  grandmother,  the  Empress  Fried- 
rich,  a  few  days  previous.  The  congress  was  lavishly  entertained  by 
the  cities  of  Berhn  and  Hamburg,  as  well  as  by  the  Zoological  Society 
of  Berlin.  But  the  most  extraordinary  proof  of  the  public  interest  in 
the  congress  was  probabh'  the  fact  that  the  entire  ^'  Reichstagsgebaude/' 
the  magnificent  house  of  the  German  Parliament,  was  placed  at  its  dis- 
])osition  for  its  meetings,  lectures,  etc.  Thus  all  the  general  sessions 
were  held  in  the  great  ''Plenarsitsungssaar'  of  the  Parliament.  The 
Emperor  himself,  though  prevented  from  receiving  the  members  offi- 
cially on  account  of  the  death  of  his  mother,  took  occasion  to  greet 
them  informally. 

The  more  special  object  of  my  joining  the  congress  was  to  take 
part  in  the  dolibemtions  and  decisions  of  the  committee  on  zoological 
nomenclature,  of  which  I  had  been  elected  a  member  at  the  congress 
in  Cambridge  in  1898.  The  work  in  this  committee  on  nomenclature 
was,  on  the  whole,  eminently  satisfactory  from  the  standpoint  of 
American  zoologists,  though  it  was  found  impossible  to  lay  a  nraft  for 
a  complete  code  for  the  congress  at  its  Berlin  meeting.  It  is  hoped 
that  this  will  be  accomplished  at  the  next  congress  which  is  to  be  held 
in  Bern,  Switzerland,  in  19(14. 

NATIONAL  MUSEUM. 

The  Museum,  established  in  the  fundamental  act  creating  the  Smith- 
sonian Institution,  grew  up  largely  from  its  private  collections,  but  it 
is  important  to  consider  that  now  it  has  grown  into  something  which 
represents  more  nearly  the  large  purpose  of  Congress  in  its  foundation 
and  that  it  is  becoming  a  "  National''  Museum.  It  differs  from  most 
other  museums  in  that  its  primary  function  was  held  to  l)e  not  so  much 
the  entertainment  or  instruction  of  the  resident  population  as  the 
preservation  and  arrangement  of  the  collections  ])rought  together  by 
the  Government  of  the  United  States.  These  collections  now  out- 
number ))y  some  millions  of  specimens  those  which  it  has  been  possible 
to  place  upon  exhibition  in  the  present  utterh'  inadequate  quarters. 

I  know  that  the  wish  of  those  in  immediate  charge  of  the  collections 
is  that  they  may  contribute,  among  other  important  ends,  to  establish 
not  only  a  real  educational  museum,  but  one  which  will  interest  not 
only  the  inhabitants  of  Washington,  but  the  great  numbers  of  Ameri- 
can citizens  annually  visiting  the  capital;  but  this  is  impossible  under 
the  present  limitations  of  si)ace  and  means.  These  exhibition  features, 
then,  though  not  the  primary  puqK)se  of  the  museum,  are  for  the  edu- 
cation and  interest  of  all  American  citizens,  and  as  accessions  come  in 
they  require  constant  change  and  careful  study  to  bring  them  to  the 
comprehension  of  all  Americans  of  all  ages  and  all  grades  of  education. 

The  definition  of  an  educational  museum  made  bv  the  late  Dr. 
Goode,  as  "a  collection  of  well-written  labels  with  carefullv  selected 
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specimens  attached,"  brings  forward  the  difficulty  of  the  preparation 
of  such  a  museum,  since  to  compress  into  a  few  sentences,  in  simple 
yet  accurate  language,  comprehensive  and  interesting  information 
concerning  any  specimen  presupposes  a  depth  of  knowledge  and  a 
facility  in  expression  possessed  by  but  few.  This  task  of  working 
upon  and  improving  the  educational  features  of  the  museum  is  never 
ending,  and  it  should  be  so,  for  ''a  perfect  museum  is  a  finished 
museum,  and  a  finished  museum  is  a  dead  museum." 

Collections  placed  upon  exhibition  must  be  constantly  renewed,  since 
they  deteriorate  by  the  very  exposure  to  the  light.  The  art  of  taxi- 
dermy, methods  of  installation,  the  choice  of  colors  for  backgrounds, 
the  style  and  form  of  labels — all  of  these  details,  unnoticed  by  the  casual 
visitor;  matters  of  constant  study  to  the  expert — together  form  the 
whole  upon  which  either  the  pleasant  or  unpleasant  impressions  car- 
ried away  by  the  visitor  depend,  but  all  this  is  labor  lost  if  they  are 
in  situations  so  crowded  as  to  resemble  storage  rather  than  exhibition 
halls. 

Excepting  as  to  improvement  in  these  details,  the  National  Museum, 
so  far  as  its  exhibition  halls  is  concerned,  has  reached  its  maximum 
development  in  its  present  quarters.  The  Secretary  has,  year  after 
year,  continued  to  call  attention  to  the  serious  overcrowding  of  the 
Museum,  and  in  his  report  for  last  year  considered  the  question  fully. 
He  is  pleased  to  be  able  to  state  that  the  special  appeals  made  to  the 
last  session  of  Congress  by  the  committee  of  the  Regents  resulted  in 
the  passage  of  the  following  item: 

For  the  preparation,  under  the  direction  of  the  Secretary  of  the 
Smithsonian  Institution,  of  preliminary  plans  for  an  additional  fire- 
proof steel-frame  brick  and  terra  cotta  building,  to  cost  not  exceed- 
ing  one  million  five  hundred  thousand  dollars,  tor  the  United  States 
National  Museum,  to  be  erected  when  appropriated  for,  on  the  Mall, 
)>etween  Ninth  and  Twelfth  streets  west,  said  plans  when  completed 
to  be  transmitted  by  the  Secretary  of  the  Smithsonian  Institution  to 
Congress,  five  thousand  dollars. 

And  it  is  hoped  that  the  erection  of  a  building  may  be  authorized  by 
the  next  Congress.  This  is  not  the  place  to  discuss  the  requirements 
of  such  a  building.  In  the  course  of  the  next  session  of  Congress  a 
detailed  statement  will  be  laid  before  that  body  indicating  the  needs, 
both  for  exhibition,  storage,  laboratory,  and  the  numerous  other 
accessories  which  go  to  make  up  a  great  modern  museum.  Vast  as 
have  been  the  improvements  in  the  erection  of  museums  in  the  past 
twenty  years,  the  ideal  standard  of  building,  in  which  all  the  requisite 
features  are  adequately  provided  for,  has  not  yet  been  created  in  any 
country  in  the  world.  It  can  hardly  be  expected  that  the  sum  indi- 
cated in  the  above  item  would  be  sufficient  to  supply  perfect  interior 
arrangements  for  exhibition  and  working  purposes,  coupled  with  that 


20  REPORT   OF   THE    SECRETARY. 

dignity  of  exterior  which  has  come  to  \)q  associated  with  the  buildings 
erected  bv  the  Government  of  the  United  States. 

The  Secretar\^  has,  however,  frequently  adverted  to  the  fact  that 
it  is  not  ))ricLs  and  mortar,  nor,  even,  cases  and  specimens  that 
make  the  museum,  but  (more  important  than  these)  the  learning  and 
enthusiasm  of  the  men  who  bring  together  and  classify  and  describe 
these  collections.  Of  such  men  there  is  an  inadequate  number,  and 
all  are  inadecjuatel}'  paid.  While  wages  of  lalK>rers  and  mechanics 
and  the  cost  of  living  to  all  men  have  advanced  by  leaps  and  bounds, 
the  salaries  of  the  scientific  staff  of  the  Government,  and  more 
especially  of  the  Museum,  have  to  a  great  extent  been  kept  at  a 
stationary  level.  The  increase  in  the  number  of  museums,  the  increase 
in  the  number  of  colleges  and  universities,  the  increase  in  their  endow- 
ments have  all  put  a  premium,  as  it  were,  upon  the  services  of  men  of 
the  first  rank,  and  it  is  the  real  devotion  of  the  Museum  staff,  and  not 
the  pecuniary  reward  which  the}'  have  received,  that  has  preserved 
to  the  Government  the  services  of  this  distinguished,  zealous,  and 
effective,  but  wholly  underpaid  body  of  men. 

The  best  of  the  scientific  staff  of  the  Museum  are  retained  not 
merely  by  the  unselfishness  of  their  interest  in  science,  but  because 
they  can  remain  there  without  the  duties  of  tuition,  which  attach  to 
hlfcrher  salaries  that  thev  can  receive  in  colleges.  But  thev  can  not 
be  expected  to  remain  indefinitely  when  so  much  better  terms  are 
IxMng  daily  held  out  to  them  elsewhere. 

The  Secretary  has  repeatedly  di'awn  the  attention  of  Congress  to 
the  need  of  the  Museum  for  an  increase  in  the  item  under  ''preserva- 
tion of  collections"  for  the  purpose  of  making  at  least  small  advances 
in  the  salaries  of  the  staff,  and  in  the  estimates  submitted  this  year  he 
has  determined  to  sacrifice  needed  improvements  in  many  directions 
with  the  hope  that,  on  this  single  item,  Congress  ma}'  see  its  way  clear 
to  a])prove  his  recommendation. 

To  relieve  the  congestion  in  some  of  the  most  crowded  exhibition 
halls,  and  to  permit  the  display  of  a  few  more  of  the  objects  taken 
from  storage,  C-ongress  authorized  the  construction  of  galleries  which 
have  also  be(»n  found  well  adapted  as  temporary  laboratories  in  sev- 
eral departments,  and^or  extension  of  the  Museum  library. 

The  number  of  specimens  received  during  the  year  was  about 
45(),()()(),  making  the  total  number  of  objects  nearly  five  and  a  half  mil- 
lion. The  more  imiK)rtant  additions  and  general  details  concerning 
the  several  departments  are  given  in  an  appendix  in  the  report  of  the 
Assistant  Secn»tiirv. 

BUREAr  OF  AMERICAN  ETHNOLOGY. 

Researches  among  the  native  American  tribes  were  continued  by 
the  Tlnrojin  of  American  Ethnology,  under  the  supervision  of  Maj. 
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J.  W.  Powell,  Director,  by  means  of  the  usual  Congressional  appro- 
priation, the  formal  plan  of  operations  having  been  approved  by  the 
Secretary  of  the  Institution. 

The  work  of  the  Bureau  has  related  largely  to  a  study  of  the  origin, 
physical  and  mental  characteristics,  arts  and  industries,  food  supply, 
social  and  political  institutions,  religions,  and  languages  of  these  tribes. 

A  considerable  share  of  attention  has  been  given  to  distinctly  prac- 
tical questions — relating  to  the  aborigines — to  tribal  distribution,  to 
subsequent  movements  and  locations  of  the  tribes,  to  the  laws  relating 
to  their  welfare  and  their  relations  to  the  Government,  to  treaties,  to 
cessions  and  recessions  of  territory. 

It  has  seemed  desirable  for  many  years  that  there  should  be  arranged 
and  published  in  some  methodical  form  an  encyclopedia  or  dictionary 
of  Indian  tribes  for  which  much  material  has  been  accumulated,  and 
which  it  has  been  intended  should  present  a  complete  account  of  them 
as  grouped  by  linguistic  stocks.  This  is  expected  to  prove  of  great 
service  to  Congress  and  to  public  men  generally,  as  well  as  to  institu- 
tions of  learning,  but  in  view  of  the  time  which  this  great  work  ma}^ 
be  expected  to  take,  the  immediate  preparation  and  publication  of  a 
dictionary  of  ready  reference  to  all  that  is  most  useful  in  the  jmst 
work  of  the  Bureau  has  been  determined  upon  as  the  most  necessary 
publication  and  work  of  the  Bureau  in  the  immediate  future. 

Field  work  was  conducted  by  the  regular  force  of  the  Bureau  in 
Alaska,  Arizona,  California,  and  in  several  other  Steites  and  Territo- 
ries, as  also  in  British  Columbia,  Mexico,  Greenland,  and  in  Porto 
Rico,  while  useful  information  and  material  was  obtained  from  corre- 
spondents and  special  collaborators.  Special  attention  was  devoted  to 
a  study  of  those  aboriginal  industries  which  appeared  to  bear  practical 
relations  to  modern  life,  particularly  to  aboriginal  methods  of  house 
building  and  irrigation,  and  to  food  sources  in  those  tropical  and  arid 
regions  that  formerly  sustained  a  population  five  to  ten  times  larger 
than  at  the  present  day.  A  noteworthy  investigation  of  aboriginal 
industries  was  conducted  in  Porto  Rico,  and  a  special  report  of  the 
native  resources  of  that  island  is  in  preparation. 

A  special  study  was  made  of  a  ceremony  among  the  Pawnee  Indians 
embracing  songs  of  interest  in  the  development  of  music  and  poetry, 
and  to  earl}'  phases  of  the  drama,  the  memoir  being  accompanied  b}'^ 
the  primitive  music  recorded  b}'  the  aid  of  the  graphophone,  and  with 
photographs  of  movements  and  objects  introduced  in  the  ceremony. 

A  notable  collection  of  chipped  implementM,  teeth  and  bones  of  an 
extinct  elephant,  together  with  a  remarkable  series  of  teeth  and  hones 
of  the  mastodon,  besides  remains  of  buffalo,  deer,  horse,  and  other 
animals  of  the  historic  period,  was  obtained  from  a  spring  in  the  noiiih- 
eastern  Indian  Territory.  The  association  of  fossil  remains  with  human 
implements  was  puzzling  until  a  critical  examination  by  Mr.  W.  H. 
Holmes,  verified  through  the  memory  of  an  aged  Indian  chief,  indicated 
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that  the  spring  was  a  shrine  at  which  aboriginal  hunters  accumulated 
votive  offerings. 

Other  researches  were  carried  on  and  several  publications  were 
prepared,  as  mentioned  in  detail  in  the  Appendix. 

INTERNATIONAL  EXCHANGES. 

The  objects  and  methods  of  the  International  Exchange  Service 
were  so  fully  explained  in  the  Secretary's  report  for  last  year  that  it 
seems  unnecessary  to  again  refer  to  them  further  than  to  say  that  the 
service  is  the  medium  of  exchange  of  the  official  publications  of  the 
United  States  Government  with  the  governments  of  the  larger  foreign 
j)owers  of  the  world,  and  also  the  medium  of  exchange  between  the 
principal  scientific  institutions  and*  libraries  of  the  world. 

The  maintenance  of  the  American  branch  of  the  service  is  now  met 
in  the  main  by  Government  appropriations,  though  the  Smithsonian 
Institution  continues  to  bear  a  considerable  share  of  the  expenses. 

During  the  last  fiscal  year  there  was  handled  an  aggregate  of 
125,796  packages,  weighing  396,418  pounds,  the  packages  sent  abroad 
numbering  87,149  and  those  received  from  foreign  countries  38,647. 
The  various  classes  of  exchanges  and  other  details  of  the  service  are 
explained  in  detail  in  the  report  of  the  Acting  Curator  in  the  Appendix. 

It  has  long  seemed  desirable  to  establish  more  adequate  exchange 
relations  with  Japan  and  China,  but  efforts  in  that  direction  have  so 
far  been  without  success.  In  Great  Britain,  Germany,  and  Austria- 
Hungary  it  is  still  necessary  to  employ  salaried  agents  to  carry  on  the 
work,  the  Governments  of  those  countries  for  various  reasons  not  yet 
having  organized  international  exchange  bureaus. 

Congress  having  made  a  slight  increase  in  the  annual  appropriation, 
it  has  been  possible  to  considerably  improve  the  service  by  sending 
packages  by  fast  express  steamers  rather  than  by  the  slow  lines,  an 
advantage  much  appreciated  by  all  concerned,  for  in  these  days  of 
rapid  transit  on  sea  and  land  the  litei*ary,  scientific,  and  political  world, 
as  well  as  the  business  world,  is  eager  to  participate  in  all  the  advan- 
tages of  quick  transportation. 

Five  years  ago,  in  1897,  the  total  number  of  correspondents  or  par- 
ticipants in  the  exchange  service  was  28,008,  while  the  aggregate  has 
now  reached  38,200  addresses  of  libraries  and  individuals  in  154  coun- 
tries scattered  all  over  the  civilized  world,  even  in  some  of  the 
remotest  corners  of  India,  Asia,  Australia,  and  Polynesia. 

The  general  benefit  of  the  service  to  the  scientific  world  can  hardly 
be  measured.  Largely  as  a  result  of  these  international  exchanges 
there  has  accumulated  in  the  Librar}^  of  Congress  a  mass  of  scientific 
and  Government  publications  that  is  probably  not  surpassed  anywhere, 
and  which  could  scarcely  have  been  secured  in  any  other  way. 
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NATIONAL  ZOOLOGICAL  PARK. 

The  importance  and  interest  of  the  National  Zoological  Park,  under 
the  care  of  the  Regents,  is  constantly  increasing,  the  total  number  of 
visitors  for  the  past  year  being  estimated  at  nearly  a  million,  the  num- 
ber on  single  da3\s  having  several  times  passed  30,000. 

The  Secretary'  has  in  previous  years  called  the  attention  of  the 
Regents  to  the  want  of  a  Congressional  appropriation  for  collecting 
and  preserving  some  of  the  great  land  and  marine  specimens  of  our 
Western  territory  now  rapidly  approaching  extinction,  and  he  again 
urges  the  immediate  need  of  doing  something,  even  on  the  smallest 
scale,  before  it  is  entirely  too  late.  He  hopes  that  Congress  may  be 
asked  to  provide  the  means  to  meet  these  wants  by  the  establishment 
of  at  least  two  small  .stations  or  ranches  in  Alaska,  one  in  the  interior, 
where  may  be  secured  specimens  of  the  great  moose,  the  great  bear, 
and  other  disappearing  animals  of  the  land  fauna;  the  other  "ranch" 
to  be  on  the  coast  for  the  collection  of  the  walrus,  the  sea  otter,  the 
great  sea  lion  of  Steller,  and  other  important  vanishing  marine  species. 

The  animals  in  the  National  Zoological  Park  at  the  close  of  the  fiscal 
year  included  506  mammals,  232  birds,  and  145  reptiles.  The  acces- 
sions of  the  year  numbered  314.  More  than  half  of  these  accessions 
were  gifts  to  the  (lovernment,  sevei'al  of  the  most  interesting  animals 
having  been  secured  through  the  cooperation  of  United  States  consuls 
and  other  officials.  A  fine  specimen  of  grizzly  bear,  also  some  ante- 
lope, deer,  elk,  and  cinnamon  bears  were  received  from  the  Yellowstone 
National  Park. 

The  native  game,  everywhere  plenty  when  the  needs  of  the  park 
were  first  submitted  to  Congress,  has  grown  so  nearly  inaccessible 
that  only  after  years  of  effort  have  there  at  last  been  procured  a  single 
young  male  specimen  of  the  great  Kodiak  bear  and  two  big  horn  or 
Rocky  Mountain  sheep. 

The  principal  improvements  to  the  park,  mentioned  in  detail  in  the 
report  of  the  superintendent  on  a  subsequent  page,  include  the  com- 
pletion of  the  large  flying  cage,  an  addition  to  the  temporary  bird 
house,  and  an  extension  or  completion  of  some  of  the  roadways. 
Work  was  begun  on  a  new  elephant  house  for  which  Congress  at  its 
hwt  .session  made  an  appropriation  of  $10,000. 

Among  the  present  needs  of  the  park,  after  that  for  securing  native 
game,  are  adequate  provision  for  housing  tropical  mammals,  an  aqua- 
rium, a  reptile  house,  an  aviary  for  small  terrestrial  birds,  and,  for  the 
wolves  and  foxes,  which  are  now  in  temporary  quarters,  permanent 
pens  from  which  they  may  be  unable  to  escape. 

There  is  no  department  of  the  park  in  which  the  public  takes  more 
interest  than  in  the  aquarium,  for,  notwithstanding  the  imperfect  char- 
acter of  the  installation,  the  tanks  being  set  up  in  a  mere  temporary 
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shed,  it  is  always  frequented  by  visitors.  It  would  undoubtedly  be 
desirable  to  greatly  extend  and  perfect  this  collection,  so  that  the  pub- 
lic might  more  completely  realize  the  multifarious  living  forms  that 
are  found  in  the  waters  about  our  coasts,  as  well  as  in  our  rivers  and 
lakes.  In  order  to  do  this  properly  a  suitable  building  should  be 
provided  and  fitted  with  permanent  tanks,  heating  and  refrigerating 
apparatus,  and  open  pools. 

The  educational  value  of  an  exhibit  of  this  character  would  unques- 
tionably be  very  great.  Land  animals  are  more  commonly  seen,  and 
therefore  do  not  excite  the  wonder  that  do  those  creatures  that  live  in 
an  element  by  which  they  are  most  wholly  screened  from  view.  The 
life  of  the  waters  is  therefore  always  extremely  interesting  and  sur- 
prising. 

A  zoological  collection,  viewed  in  its  widest  extent,  can  not  be  said 
to  be  complete  while  failing  to  exhibit  so  large  and  important  a  portion 
of  the  zoological  domain.  The  biological  sciences  are  becoming  more 
and  more  studied  in  our  schools,  and  it  is  well  known  that  the  simpler 
forms  of  invertebrates  are  extremely  important  as  an  introduction  to 
the  knowledge  of  higher  forms.  Classes  from  the  schools  of  this  city 
and  elsewhere  often  visit  the  park  and  find  great  profit  in  the  aquarium 
exhibit,  even  in  its  present  incomplete  state.  It  is  hoped  that  Congress 
may  grant  funds  for  establishing  in  the  park  an  aquarium  on  a  proper 
scale. 

The  park  is  fulfilling  sucessfuUy  the  objects  for  which  Congress  cre- 
ated it,  "The  ad vancement  of  science  and  the  instruction  and  recreation 
of  the  people."     It  never  has  ))een  so  successful  in  these  as  it  is  to-day. 

THE  ASTROPHYSICAL  OBSERVATORY. 

In  appropriating  in  the  sundry  civil  act,  approved  March  3,  1901, 
the  sum  of  $12,000  for  the  maintenance  of  the  Astrophysical  Observa- 
tory, under  the  control  of  the  Smithsonian  Institution,  during  the 
fiscal  year  ending  June  30,  1902,  Congress  added  the  following  words: 

That  the  Secretary  of  the  Smithsonian  Institution  is  directed  to 
report  to  Congress  on  the  first  day  of  the  next  regular  session  an  entire 
account  of  all  appropriations  heretofore  expencled  b}'  the  Astrophys- 
ical Observatory,  what  results  have  been  reached,  and  what  is  the 
present  condition  of  the  work  of  said  Observatory. 

In  response  to  this  requirement  the  Secretary  submittetl  a  repoi"t 
embracing  (1)  an  entire  account  of  all  appropriations  heretofore 
expended  by  the  Astrophysical  Observatory,  (2)  a  statement  of  the 
results  which  have  been  reached,  and  (8)  the  present  condition  of  the 
work  of  said  Observatory,  and  including  as  a  part  of  it  the  first  vol- 
ume of  its  Annals.  This  report  was  accompanied  by  letters  from  Sir 
Robert  Ball,  Sir  William  Huggins,  Lord  Kelvin,  Sir  Norman  Lockyer, 
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Lord  Rayleigh,  Sir  George  Stokes,  and  other  eminent  foreign  men  of 
science,  whose  appreciation  could  not  be  charged  with  being  influenced 
by  national  prejudice,  as  well  as  by  equally  disinterested  American 
ones,  all  showing  a  very  gratifying  approbation  of  the  work  of  the 
Observatory  by  those  best  competent  to  judge  its  merits. 

The  principal  work  of  the  Astrophysical  ObseiTatory  during  the 
past  year  has  continued  to  be  the  study  of  the  sun  and  its  i*adiation. 
While  fully  acknowledging  the  interesting  nature  of  astrophysical 
investigation  of  the  stars  and  nebulae,  the  study  of  the  sun  has  a  far 
suf)erior  practical  impoiiance,  for  were  the  former  bodies  to  be  wholly 
blotted  out  they  would  be  missed  chiefly  as  objects  of  scientific  inter- 
est, while  with  the  sun  would  be  abolished  life  itself.  The  solar 
researches  of  the  past  year  have  mainly  been  concerned  with  deter- 
mining the  amount  and  nature  of  the  absorption  of  solar  radiation  in 
the  earth's  atmosphere  and  in  the  solar  envelope.  These  researches 
ai-e  preliminary  to  and  form  an  essential  part  of  the  measurement  of 
the  total  radiation  of  the  sun.  A  presumption  exists,  almost  amount- 
ing to  certainty,  that  the  total  radiation  of  the  sun  is  variable  in  some 
relation  to  the  appearance  of  sun  spots,  but  nothing  is  3^et  known  to 
definitely  fix  the  amount  of  this  supposed  variability  or  to  measure 
its  effect  upon  the  earth,  though  that  effect,  if  so  fixed,  can  not  but  be 
of  interest  to  every  inhabitant  of  the  earth's  surface. 

The  instrumental  means,  which  thus  have  been  the  subject  of  inces- 
sant study  and  improvement  here  during  the  past  ten  years,  for  inves- 
tigating such  questions,  are  more  efficient  than  at  any  previous  time. 
It  will  be  seen  from  the  detailed  report  of  the  aid  acting  in  charge  that 
automatic  bolometric  curves  accurately  representative  of  the  amount 
and  distribution  of  the  solar  energy  at  the  observer's  station  may  now 
be  obtained  in  a  few  minutes,  covering  nearly  the  whole  spectral  region 
which  reaches  sea  level,  and  where  occurs  much  of  the  great  and 
varying  absorption  by  water  vapor  which  influences  our  terrestrial 
temperatures  so  greatly. 

Some  twenty  years  ago  the  writer  invented  a  then  new  instrument 
for  measuring  minute  quantities  of  heat,  for,  owing  to  circumstances 
which  this  is  not  the  place  to  detail,  an  accurate  determination  of  the 
possible  variation  in  the  enormous  quantities  of  heat  which  the  sun 
sends  the  earth  depends  (paradoxically)  upon  the  ability  to  measure 
smaller  quantities  of  heat  than  the  most  delic4ite  thermometer  can 
possibly  do.  The  "bolometer,"  the  instrument  of  the  writer's  inven- 
tion, which  is  in  question,  was  able  to  measure  the  then  unheard  of 
quantity  of  somewhat  more  than  one  one-hundred-thousandth  of  a 
degree.  Since  then,  during  fifteen  years  of  constant  advance,  latterly 
associated  with  a  great  improvement  of  the  adjuncts,  particularly  of 
the  galvonometer,  at  the  hands  of  Mr.  Abl)ot,  this  has  been  brought 
to  measure  somewhat  less  than  one  one-hundrcd-millionth  of  a  degree, 
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and  this  almost  infinitesimal  amount  is  distinguished  with  readiness 
and  precision.  It  is  this  increased  precision  which  is  associated  w[ith 
all  the  improvements  in  the  work  of  the  year  here  described. 

It  is  the  variability  of  the  absorption  of  our  air  which  now  offers 
the  greatest  difficulty  to  the  work.  The  Secretary  cherishes  the  hope 
that  a  solar  observator}'^  will  one  day  be  established  high  in  a  clear  and 
dry  air,  whose  chief  aim  shall  be  to  solve  the  questions  of  the  amount 
of  radiation  of  the  sun,  the  changes  in  this  total  amount,  and  the  con- 
sequences of  such  changes  on  the  earth. 

The  interest  of  this  solar  study  is  peculiar  among  all  the  subjects  of 
astronomical  research,  for  it  is  not  only  a  scientific  but  a  utilitarian 
interest  of  such  high  impoi'tance  that  it  has  among  its  remote  possibili- 
ties the  forecasting  of  the  coming  seasons  and  harvests,  and  of  conditions 
immediately  practical,  from  those  which  affect  the  price  of  the  laborer's 
dinner  up  to  those  which,  to  use  the  weighty  words  of  Professor  New- 
comb,  may  bring  to  light  not  merely  interesting  cosmical  processes,  but 
"cosmical  processes  pregnant  with  the  destiny  of  our  I'ace." 

In  connection  with  these  researches  it  has  proved  necessary  to 
obtain  a  large  solar  image  as  free  as  possible  from  defects  of  definition 
and  unequal  absorption.  One  of  the  most  formidable  of  these  defects 
is  that  which  astroiiomers  call  "  boiling."  This  consists  of  an  apparent 
wavy  and  rolling  motion  over  the  image,  and  is  due  to  momentary 
differences  of  density  of  the  air  in  the  path  of  the  beam.  It  has 
hitherto  been  sought  (with  little  effect)  to  control  this  by  keeping  the 
air  in  the  tube  as  still  as  possible. 

I  am  much  interested  in  a  new  plan  which  I  have  myself  proposed, 
that  of  thoroughly  and  incessantly  stirring  this  air  column  even  while 
the  rays  forming  the  telescopic  image  are  passing  through  it.  This 
experiment  of  stirring  the  air  has  been  tried  during  the  past  few 
months  at  the  Observatory,  and  has  resulted  in  the  discovery  that  bj'^ 
vigorously  churning  the  column  of  air  ti'aversed  by  the  solar  beam 
from  a  point  about  50  feet  above  the  apparatus  to  the  point  where  the 
image  is  formed,  the  paradoxical  result  is  reached  that  this  image  itself 
becomes  nearly  tmnquil,  and  that  thus  the  "boiling"  can  be  nearly 
all  eliminated.  It  is  hoped  that  this  ver}^  important  observation  will 
prove  useful  to  astronomers  genei'ally. 

For  details  of  the  work  of  the  Observatory,  including  many  inter- 
esting subjects  in  addition  to  those  I  have  mentioned,  the  reader  is 
referred  to  the  report  of  the  aid  acting  in  charge,  which  appears  in 
the  Appendix. 

NECKOLOGY. 

The  Institution  has  lost  by  death  its  presiding  officer,  ex  officio, 
William  McKinley,  President  of  the  United  States.  The  life  and 
work  of  that  honored  and  eminent  man  and  the  tragic  circumstances 
of  his  death  are  in  all  minds  and  they  need  not  be  repeated  here. 
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An  early  Regent  of  the  IiistitutioD,  thu  Hon.  Matthew  Gault  Emery 
died  October  12,  1901.  From  Juae,  1870,  to  June,  1871,  he  was 
mayor  of  Washin^on  aad  a  member  of  the  Board  of  Re^nts  of  the 
Smithsonian  Institution  as  then  organized.  At  the  time  of  his  death 
he  was  a  prominent  citizen,  particularly  in  the  financial  businesn  of 
the  capital  city. 

Dr.  Thomas  Wilson,  Curator  of  the  Division  of  Prehistoric  Arehte- 
ology  in  the  National  Museum,  died  May  4,  1902.  He  had  been  con- 
nected with  the  Museum  for  thirteen  years  and  was  a  most  earnest 
worker.  He  became  widely  known  by  his  studies  and  contributions 
to  the  literature  of  anthropolo^. 

Respectfully  submitted. 

S,  P.  Langlet, 
Secretary  of  the  SmitJisoniiin  Iruttitutiitn. 
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Appendix  I. 

REPORT  ON  THE  UNITED  STATES  NATIONAL  MUSEUM. 

Sib:  I  have  the  honor  to  submit  the  following  report  on  the  condition  and  opera- 
tions of  the  National  Moaeum  during  the  year  ending  June  30,  1902: 

Though  having  as  its  primary  function  the  preservation  and  classification  of  the 
Government  collections,  the  National  Museum  is  best  known  to  the  public  by  its 
educational  features,  the  most  obvious  of  these  being  the  illustration  of  nature  and 
of  the  arts  of  man  by  means  of  carefully  selected  series  of  objects  appropriately 
labeled  and  arranged  in  its  exhibition  halls  in  the  city  of  Washington.  Its  educa- 
tional work,  however,  reaches  out  to  all  parts  of  the  country  through  the  distribu- 
tion of  its  duplicate  specimens  and  the  dissemination  of  knowledge  through  its 
publications  and  by  its  correspondence.  The  collections  have  long  since  outgrown 
the  accommodations  provided  for  them,  and  for  some  years  the  bulk  of  the  material 
received  has  gone  into  storage.  It  is,  therefore,  very  gratifying  to  note  the  dispo- 
sition of  Congress,  manifested  at  its  last  session,  to  grant  funds  for  the  erection  of  a 
new  building. 

The  accessions  during  the  past  year  have  increased  the  total  number  of  specimens 
to  above  5,000,000.  Besides  this,  nearly  700  lots  of  specimens  were  sent  to  the 
Museum  from  all  parts  of  the  country  for  identification  and  report,  and  several  thou- 
sand letters  asking  for  information  on  scientific  subjects  have  been  received  and 
answered. 

There  has  been  a  large  increase  over  former  years  in  the  amount  of  duplicate 
material  distributed  as  gifts  to  educational  establishments  and  sent  out  in  exchange 
for  an  equivalent  return,  the  total  number  of  specimens  so  disposed  of  having 
exceeded  30,000.     In  addition  to  the  routine  duties  connected  with  fhe  care  and 
classification  of  the  collections,  much  important  scientific  work  has  been  accom- 
plished by  the  Museum  staff,  and  the  facilities  of  the  Museum  for  conducting 
researches  have  been  availed  of  by  many  persons  not  connected  with  the  establish- 
ment    Over  6,000  specimens  were  also  lent  to  specialists  for  study  at  their  own 
laboratories. 
The  number  of  persons  who  visited  the  Museum  during  the  year  was  173,888. 
Buildings, — ^The  Museum  occupies  for  its  various  purposes  the  greater  part  of  the 
Smithsonian  building,  the  adjacent  large  brick  building,  erected  about  1880  for  its 
special  use,  parts  of  three  detached  buildings  on  the  Smithsonian  and  Armory  reser- 
vations, and  several  rented  buildings  south  of  B  street  S.W.     The  Smithsonian  and 
Museum  buildings  are  mainly  filled  with  the  exhibition  collections,  but  contain  also 
the  offices  and  laboratories  and  the  reference  and  study  collections,  so  far  as  it  has 
been  possible  to  accommodate  them.    The  preparators'  workrooms  and  the  general 
storage  are  mostly  outside. 

The  reports  for  many  years  have  called  attention  to  the  overcrowding  in  every 
branch  of  the  Museum.  In  some  of  the  exhibition  halls  there  are  scarcely  passage- 
ways for  visitors  betwwn  the  cases;  the  reserve  series  of  specimens  comprising  the 
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chief  scientific  wealth  of  the  collectioDS  are,  to  a  great  extent,  harely  accessible  and 
their  proper  arrangement  generally  impossible;  and  the  laboratories  are  mostly  too 
small  to  permit  of  laying  out  specimens  in  course  of  study  or  in  preparation  for  dis- 
play. More  serious,  however,  has  been  the  necessity  during  many  years  past  of  stor- 
ing very  considerable  parts  of  the  collections  in  unsafe  buildings,  where  they  are 
constantly  liable  to  destruction  by  fire  and  certain  to  deteriorate,  being  buried 
beyond  the  possibility  of  suitable  t«re  or  inspection.  It  is  therefore  pleasing  to  note 
that  at  its  last  session  Congress  voted  $5,000  for  the  preparation  of  preliminary  plans 
for  a  new  building,  which  when  completed  should  not  only  relieve  this  congested 
condition,  but  also  enable  the  Museum  to  develop  its  educational  features  and  con- 
duct its  activities  in  a  manner  more  creditable  to  the  nation. 

Several  important  alterations  and  improvements  have  been  made  in  the  Museum 
building.  Some  additional  space  has  been  gained  through  the  construction  of  gal- 
leries in  three  ranges — the  wej*t-north,  the  north-west,  and  the  south-west,  which  are 
being  fitted  up  for  the  library  and  as  laboratories  for  the  depanments  of  anthropology 
and  geology. 

The  steam  boilers,  which  had  l>eiH)me  entirely  worn-out  after  a  service  dating  from 
the  erection  of  the  building,  have  l)een  replaced  by  a  pair  of  high-pressure  boilers  of 
modem  pattern,  with  capacity  for  heating  both  buildings.  The  introduction  of 
these  made  it  necessary  to  overhaul  the  entire  heating  plant  and  to  make  new  and 
more  ample  i»onnections  with  the  Smithsonian  building.  The  Ixnlers  formerly  used 
in  the  latter  building  will  l)e  retained  in  pWe  to  guanl  against  emergencies,  and  the 
employment  of  one  set  instead  of  two  is  expi»cte<l  to  result  in  the  economy  of  lx>th 
fuel  and  lal>or. 

The  installation  of  a  complete  system  (»f  ekvtric-light  wiring  and  fixtures  extend- 
ing to  all  the  exhibition  halls  as  well  as  to  the  othcc^s,  lalx)ratories,  and  storeroom.*^, 
begun  the  previous  year,  was  finishetl  satisfactorily.  Should  it  lx»  decided  to  open 
the  building  at  night,  however,  an  increased  appropriaticm  will  l)e  required  to  cover 
the  cost  of  extra  current  and  the  ]>ay  of  several  additional  attendants. 

The  quarters  allotted  to  the  puriK)8es  of  a  lunch  room  have  been  somewhat  extended 
and  improved,  but  this  very  desirable  museum  adjunct  must  always  remain  poorly 
provide<i  for  in  the  present  building. 

Organization  and  Maff. — The  oi^nization  (tf  the  museum  comprises  an  administra- 
tive office  and  three  scientific  departments,  as  follows:  Anthropology,  with  8  divi- 
sions and  4  sections;  Biology,  with  9  divisions  and  12  sections;  and  Geology,  with  3 
divisions  and  3  sections. 

Besides  the  three  head  curators  in  charge  of  the  departments,  the  scientific  staff  at 
the  close  of  the  year  consi^te^l  of  17  curators,  12  assistant  curators,  14  custodians,  11 
aids,  4  associates,  and  2  collalM)rators,  making  a  total  of  03  persons,  of  whom,  how- 
ever, only  about  one-half  receivetl  compensation  from  the  Museum.  Of  the  re- 
mainder, who  are  serving  in  a  volunteer  or  honorary  i-ajiacity,  the  majority  were 
attache<i  to  other  scientific  bureaus  of  the  Govenmient. 

The  death  of  Dr.  Thomas  Wilson,  which  occurred  on  May  4,  1W2,  deprivt^l  the 
Museum  of  one  of  its  most  earnest  and  helpful  workers.  Widely  distinguished  for 
his  studies  and  contributions  on  a  variety  of  anthropological  subjects,  Dr.  AVilson's 
interests  lay  chiefly  in  the  field  of  prehistoric  archieology,  and  from  1889  he  had 
chai)^  of  the  extensive  and  important  collections  of  this  division  of  the  Museum. 

Mr.  William  V.  Cox,  who  was  appointed  to  the  Museum  iu  1879,  and  has  been  its 
chief  clerk  since  1886,  with  important  duties  in  connection  with  all  the  recent  ex|x»- 
sitions  in  which  the  Government  has  (larticipated,  severetl  his  ofiicial  relations  with 
the  Museum  in  February,  1902,  greatly  to  the  regret  of  his  associates,  to  accept  a 
more  responsible  position  elsewhere.  The  duties  of  this  office  have  been  someu  hat 
modified  to  better  consolidate  the  administrative  work,  and  the  title  of  its  chief 
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oflBc-er  haa  been  changed  to  administrative  assistant.  This  position  was  filled  by  the 
appointment  of  Mr.  W.  de  C.  Ravenel,  previously  the  assistant  in  charge  of  fish  cul- 
ture in  the  United  States  Fish  CJomraission,  who  has  joined  to  a  long  experience  in 
the  administrative  work  of  that  Bureau  a  familiarity  with  the  preparation  and  instal- 
lation of  Government  exhibits. 

^Ir.  Geoi^  B.  Turner  has  been  made  chief  taxidermist  and  Mr.  W.  C.  Phalen  an 
aid  in  the  Department  of  Geology. 

Aclditions  to  the  collections. — The  collections  of  the  Museum  were  increased  during 
the  year  to  the  extent  of  over  448,000  specimens,  bringing  the  total  number  of  speci- 
mens in  its  possession  up  to  more  than  5,400,000.  The  additions  were  received  in 
1,409  separate  lots  or  accessions. 

Among  the  important  contributions  in  the  Department  of  Anthropology  were  a 
quantity  of  baskets,  weapons,  ornaments,  and  parts  of  costumes  collected  by  Dr. 
\V.  L.  Abbott  in  the  Andaman  and  Nicobar  islands,  and  many  objects,  including 
crania,  native  clothing,  lamps,  and  articles  connected  with  the  industries  of  the 
Eskimo,  obtained  in  northern  Greenland  and  Ellesmere  Land  by  Mr.  Robert  Stein, 
of  the  United  States  Geological  Survey,  during  his  Arctic  expedition.  A  number  of 
Guatemalan  costumes  and  of  objects  illustrating  the  first  steps  in  the  weaving  of  cot- 
ton as  practice<i  in  that  country,  as  well  as  other  ethnological  material,  were  received 
from  Mrs.  Mary  W.  Owen,  of  Panzos,  Guatemala.  Two  interesting  donations  were 
a  sericis  of  weapons  captured  during  the  Philippine  insurrection,  including  several 
Filipino  swords  of  the  ordinary  type,  some  bolos,  and  a  kris,  from  Maj.  E.  L.  Hawks, 
U.  S.  Volunteers;  and  a  collection  consisting  principally  of  the  different  types  of  punal 
de  krij«,  a  weapon  carried  by  the  women  and  children  m  the  Philippine  Islands, 
together  with  a  device  formerly  used  in  the  Philippine  army  for  decapitating  wounded 
»>ldiers,  from  Dr.  W.  C.  Warmsley,  of  Norwich,  Conn.  Another  Philippine  collec- 
tion, secured  by  purchase  from  Mr.  J.  N.  Ilarkins,  of  Calhoun,  Ga.,  comprises  weapons, 
cooking  utensils,  tobatx^o  boxes,  charm  belts,  models  of  boats,  newspapers,  statuettes, 
and  coins. 

A  collection  of  choice  objects  brought  together  by  the  late  Dr.  G.  Brown  Goode, 
an<l  sec^ured  during  the  year,  in  ludes  musical  instruments,  Japanese  porcelains, 
domestic  utensils,  gambling  devices,  plaques,  vases,  an  incense  box,  old  Kutani 
ware,  Marcusi  ware,  Cloisonne  plates  and  bowls,  trays,  English  chinaware,  and 
ironstone  china  from  China.  Other  additions  to  the  collection  of  musical  instru- 
ments were  a  small  series  of  instruments  used  by  the  American  Indians,  and  several 
from  European  countries,  including  a  nyckleharpa,  obtained  by  exchange  from 
Mrs.  J.  Crosby  Brown,  of  Orange,  N.  J.;  and  78  pieces,  comprising  instruments  of 
the  Javanese,  Chinese,  Thibetans,  Japanese  and  Persians;  Syrian  and  Egyptian 
kettledrums,  a  Turkish  mandolin, etc.,  presented  by  Dr.  Ryan  Devereaux,  U.  S.  Army. 

A  complete  set  of  the  gold  and  silver  coins  of  Siani,  and  a  series  of  Spanish  coins 
niinteil  in  Mexico  ^nd  the  Philippine  Islands,  embracing  the  various  kinds  issued  by 
Spain  for  use  in  its  colonies,  were  obtained  by  purchase. 

I>oan  collections,  chiefly  of  historical  interest,  received  on  deposit  and  exhibited  in 
the  main  Museum  hall,  were  as  follows:  Eighty- two  relics  of  Colonial  times,  and  a 
gold  watch  worn  by  George  Fayette  Washington,  a  nephew  of  George  Washington, 
from  the  National  Society  of  Colonial  Dames;  relics  of  the  Revolutionary  War, 
including  commissions  in  the  Continental  Army,  from  the  Daughters  of  the  American 
Revolution;  several  swords  that  had  belonged  to  the  late  Rear  Admiral  J.  W.  Philip, 
U.  S.  Navy,  one  presented  by  the  children  of  Te^as,  another  by  the  citizens  of  New 
York  City,  from  Mrs.  Philip;  six  swords  belonging  to  Rear  Admiral  R.  D.  Evans, 
U.  S.  Navy,  including  one  presented  by  the  State  of  Iowa,  and  one  by  the  crew  of 
the  battle  ship  Iowa;  and  21  guns  captured  at  Tientsin,  China,  comprising  the  various 
types  of  European  and  American  manufacture  now  employed  in  the  Chinese  army, 
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from  Col.  W.  H.  Carter,  U.  S.  Army.  A  iltsk  anil  <iuaiiraiit  u»f.i  hy  Dr.  C.  F.  Hall, 
on  his  I'fildriti  Arctic  ExpediUon,  were  ret-eived  as  a  gift  from  Miss  Anne  8.  Hall,  nt 
Cincinnati,  Ohio. 

Among  tlie  important  accessions  in  archeeology  were  the  collei^tion  of  fiint  iiti|>le- 
inentti,  t>one  utensils,  and  remains  of  extinct  and  recent  inamnials  resulting  from  tlie 
examination  of  h  Eulphur  spring  at  Afton,  Ind.  T.,  by  Mr.  W.  H.  Hulmett,  and  a 
very  large  atuount  of  material,  comprising  pottery,  impleuiente  of  ittone,  wood  and 
*hell,  bonefl  and  human  remains,  obtained  by  Dr.  Walter  Hough  during  liin  investi- 
■  gallons  in  Arizona,  partly  in  conjunction  with  Mr.  Peter  G.  Gates. 

About  10,000  prehistoric  objects  from  (ieorgia,  including  carvings,  HjiesriieadR,  ]>ol- 
ishe<l  stiine  hatcheti^,  and  other  articles  of  iitone,  ivory,  and  pottery,  were  ae<iuire<l 
from  Dr.  Roland  B.  Steiner.  A  collection  of  the  implements  U8P<1  by  the  ancient 
inhabitants  of  Columbia  Ciiunty,  Pa.,  consisting  of  stone  articles  of  domestic  utility, 
stone  liatchet^,  lianner  stuneu,  arrow  points,  and  spearheads,  was  pret<enled  by  Mr. 
Charles  Hummel,  of  (^pey.  Pa.,  and  a  large  series  of  prehisturic  objects  from  the 
Potomac  Valley  was  obtained  by  purchase. 

Among  the  accesnions  in  arc^haiiloKy  fnnn  other  countries- were  i>ver  6IX>  H|iei'inieiis 
of  prehistoric  vases,  stone  figures,  car\'ings  and  jiolished  instruments,  and  figures  and 
dishes  in  earthenware  from  Mexico,  recciveil  from  Mr.  K.  O.  Matthews;  material 
from  the  guano  caves  of  Lmi  Cruces,  New  Mexico,  contributed  by  Mr.  J.  R.  I>e  Mier; 
an  image,  mortar  and  jiestle  of  stone,  from  Porto  Rico,  pre8ente<l  by  Mr.  Henry  Birl. 
and  a  w-ries  of  flint  implements  and  bones  from  the  cavern  <if  Kesserlock,  Schaff- 
hautvn,  l^wltxerland,  donated  by  Prof,  J.  Heierli,  of  the  Univeniity  of  Zurich. 

The  additions  to  the  technological  collections  include  several  of  historical  value, 
such  as  pieces  of  apparatus  devist-d  and  used  by  Dr.  Eliaha  Gray  in  his  experiments 
with  hannonic  multiple  telegraphy  and  with  the  telephone,  rcceivi-d  from  Mrf. 
Gray;  one  of  the  tin-foil  recorrls  made  by  Edison's  first  phonograph  when  exhibitetl 
before  the  National  Acarleiny  nf  Sciences  at  the  i^mithsonian  Institution  in  187A,  con- 

tributetl  by  Mr.  Williatn  J.  Kbees;  a  numb        .... 

devices,  an<l  one  of  tbc  eariy  fomiR  of  typewri 

In  the  Department  of  Itioltq^y  the  collectio 
East  Indies,  consisting  principally  of  maninii 
the  most  important  zoological  accessions.  O 
including  many  new  H[>e('iei',  fnim  the  islanrls 
Johore,  and  others  farther  eastwaril:  of  binii" 
considerable  nundier.  The  rt>gion  visited  by 
not  jireviously  tcpreseuted  in  the  National  M 
from  this  indefatigable  explorer  give  the  > 
which  is  aheohitely  unrivaled. 

Other  specimens  »f  manmials  n-ceivnl,  dim 
of  the  huge  Kml'ak  (.Ma-iba)  l)ear,  from  Mr.  . 
lo)iesand  monlieys  from  Dr.  .\.  Donaldson  .S 
moose,  elk,  and  otiier  deer  from  Mr.  Ernest 
large  series  of  small  uiamiiuils  from  Geniuuiy 

Among  ornithological  material  were  about 
iected  hy  Mr.  B.  S.  Buwdieh;  a  quantity  ol  ( 
Palmer;  a  series  of  Eai4  Indian  binls  from  thi 
Leiden,  Holland;  s  large  number  of  Bnuitian 
Paulo,  Brazil;  lM>siiles  smaller  i-ollcclions  froi 
Great  Britain.     Several  rarv  sjiecies  of  binls'  i 

Tbe  reptilian  collection  wai  enriched  bv  th< 
Mr.  B.  S.  Bouilish  and  Mr.  William  l>almer. 
Japan,  Sumatra,  and  the  Philippine  I«huid». 
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The  Division  of  Fishes  was  fortunate  in  securing,  through  Messrs.  Anderson  and 
Price,  of  Orraond,  Fla.,  the  skin  of  a  whale  shark  (Rhinodon),  13  feet  long,  the  first 
of  its  kind  recorded  as  being  taken  in  the  North  Atlantic  Ocean.  The  Leland  Stan- 
ford Junior  University  presented  the  types  of  a  large  number  of  Japanese  fishes 
described  by  Dr.  David  S.  Jordan,  and  also  specimens  from  Panama,  Cocos  Island, 
and  the  Galapagos  Islands.  A  collecttion  of  Egyptian  fishes  from  the  Nile  was  con- 
tributed by  Dr.  Bashford  Dean,  of  Columbia  University,  and  interesting  material 
from  several  sources  was  transmitted  by  the  United  States  Fish  Commission. 

Twelve  species  of  land  shells  from  Cocos  Island,  cotypes  of  species  described  in 
E.  von  Marten's  work  on  the  mollusksof  that  locality,  were  donated  by  Mr.  William 
H.  Dall.  Some  2,000  shells  from  Lower  California  were  received  from  Lieut.  C.  A. 
Clarke,  V.  S.  Navy,  and  a  number  of  new  species  of  North  American  land  shells 
from  Mr.  J.  H.  Ferris,  of  Joliet,  111. 

The  largest  addition  to  the  Division  of  Insects  comprised  about  (>5,000  specimens 
collected  by  Mr.  E.  A.  Schwarz,  custodian  of  the  coleoptera  in  the  Museum,  in  Ari- 
zona, at  his  own  expense,  and  by  him  presented  to  the  national  collections.  The 
Museum  was  already  indebted  to  this  generous  friend  for  the  gift  of  his  extensive 
private  collection  previously  formed.  Some  7,000  insects  of  several  groups  were 
brought  from  the  Hawaiian  Islands  by  Mr.  W.  H.  Ashmead,  and  10,600  specimens 
of  lepidoptera  from  Colorado  by  Dr.  H.  G.  Dyar,  assisted  by  Mr.  A.  N.  Caudell.  The 
expeditions  on  which  this  material  was  secured  are  referred  to  elsewhere.  Ten 
thousand  beautifully  prepared  specimens  of  butterflies,  mainly  from  Mexico  and 
Central  America,  have  been  deposited  in  the  Museum  by  Mr.  William  Schaus,  of 
Twickenham,  England. 

The  Division  of  Marine  Invertebrates  received  from  the  United  States  Fish  Com- 
mission a  series  of  Porto  Rican  sponges,  identified  by  Dr.  H.  V.  Wilson,  of  the 
University  of  North  Carolina;  echini  and  holothurians  from  the  same  locality,  iden- 
tifie<l  by  Prof.  H.  L.  Clark,  of  Olivet  College;  the  crustaceans  and  echinoderms  col- 
lected during  the  expedition  of  1901  to  the  Hawaiian  Islands;  and  a  quantity  of  material 
from  the  marine  station  at  Woods  Hole,  Mass.  The  extensive  collection  of  corals 
made  some  years  ago  at  the  Philippine  Islands  by  Prof.  J.  B.  Steere  and  Prof.  Dean  C. 
Worcester  was  obtained  by  purchase.  Among  the*  smaller  accessions  of  importance 
were  a  quantity  of  marine  invertebrates  from  Ellesmere  Land,  collected  by  Mr.  Robert 
Stein;  a  series  of  the  cave  crustaceans  of  Kentucky  and  Tennessee  from  Prof.  W.  P. 
Hay;  a  number  of  Alaskan  cTUstaceans  from  Mr.  R.  8.  McGregor,  of  the  U.  S.  Coast 
Survey  steamer  Pathfinder;  and  samples  of  the  Atlantic  eea-bottom  from  the  United 
States  Navy. 

Through  the  generous  bequest  of  Dr.  Charles  Mohr,  of  Asheville,  N.  C,  who  died 
in  July,  1901,  the  Division  of  Plants  became  i)OSsessed  of  his  entire  collection  of  flow- 
ering plants,  comprising  more  than  18,000  specimens,  chiefly  from  the  southern 
United  States.  Two  years  previously  Dr.  Mohr  had  presented  to  the  Museum  his 
collection  of  about  3,000  specimens  of  cryptogamic  plants  from  the  same  region. 
From  his  trip  to  Central  America  during  the  summer  of  1901  Mr.  J.  N.  Rose  brought 
back  a  large  number  of  plants,  including  specimens  from  Mount  Orizaba  and  Mount 
Popocatepetl,  and  also  some  living  plants,  which  were  deposited  in  the  greenhouse  of 
the  Department  of  Agriculture.  A  valuable  collection  from  China  and  the  Philip- 
pine Islands  was  contributed  by  the  Royal  Botanic  Gardens  of  Kew,  England;  over 
6,000  plants  from  various  parts  of  the  United  States  and  from  Brazil,  (luatemala, 
Mexico,  and  Porto  Rico  were  transmitted  by  the  Department  of  Agriculture;  and 
alx>ut  4,200  Chinese  plants  were  acquired  by  purchase. 

In  the  Department  of  Geology  the  accessions  have  been  numerous,  and  in  some  of 
itd  divisions  of  more  than  ordinary  importance.  Among  the  rocks  and  ores  trans- 
mitted by  the  United  States  Geological  Survey  were  many  specimens  illustrative  of 
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ito  recent  explorations  in  Colorado,  Montana,  and  Oregon.  A  large  (iiiantity  of  ore 
HampleH  from  the  Unite<l  States  exhibit  at  the  Paris  Exi)08ition  of  1900  was  turned 
over  to  the  Museum  by  the  Government  Board.  The  mineralH  added  to  the  collec- 
tion comprise  many  varieties,  a  number  of  which  were  not  previously  represented. 
P^pecially  worthy  of  mention  are  a  fine  apetamen  of  native  tellurium  from  Delamar, 
Nov.;  a  magnificent  mass  of  moss  gold  on  quartz  from  the  "Miner's  Dream"  mine, 
Old  Chester  district,  California;  characteristic  samples  of  Alaskan  gold;  fine  speci- 
mens of  molybdenite  from  Okanogan  County,  Wash. ;  axinite  from  Switzerland  and 
Japan;  l)eautiful  crystals  of  tourmaline  from  Mesa  Grande,  Cal.;  and  zeolites  from 
Golden,  Colo.  Following. are  the  new  species  obtained :  Narsarsukite,  percylite,  y  ttro- 
cerite,  picroallumogene,  bornite  (in  crystals),  espistolite,  plumboferrite,  ankylite, 
sulvanitc,  thalenite,  elpidite,  and  lossenite.  Fine  specimens  of  tourmaline  and  ame- 
thypt  were  "received  as  a  gift  ifrom  Dr.  L.  T.  Chamberlain,  honorary  custodian  of  gems 
and  i)rt»cious  stones. 

The  meteorite  collection  was  increased  during  the  year  to  the  extent  of  29  falls, 
and  now  comprises  si)ecimens  representing  a  total  of  356  distinct  falls.  The  most 
valuable  addition  was  a  stony  iron  meteorite  from  Admire,  Kans.  The  sources  of 
other  important  specimens  were  as  follows:  Misshof,  Courland,  Russia;  Rafruti, 
Switzerland;  Cereseti,  Piedmont,  Italy;  St.  Mesmin,  Salles,  and  Lacon,  France;  Sao 
Juli&o  de  Moreira,  Portugal;  Limerick,  Ireland;  Shalka,  Bengal,  India;  Rhine  Villa, 
South  Australia;  Weston,  Conn.;  Algoma,  Wis.;  Monroe,  N.  C;  Tombiglx^e,  Ala.; 
Tonganoxie  and  Kiowa  County,  Kans.;  and  San  Angelo  and  Kendall  County,  Tex. 

In  invertebrate  paleontology  there  were  several  very  large  and  im)H)rtant  addi- 
tions. Some  15,000  specimens,  including  10,000  brachiopods,  4,200  bryozoans,  many 
cretaceous  forms  from  New  Jersey,  and  cystida  and  crinoids  from  Marylanrl,  com- 
posing the  private  collection  of  Mr.  Charles  Schuchert,  assistant  curator  of  strati- 
graphic  i)aleontt)loey,  were  donated  by  him  to  the  Museum.  Prof.  George  M.  Penlew 
also  presented  liis  entire  collection  of  Silurian  and  Devonian  fossils,  about  1,300  sjHHi- 
mens,  from  Cumlierland,  Md.  The  E.  ().  Ulrich  collection  of  Ostracoda,  containing 
about  5,000  si)ecimens,  and  the  tyjH;  and  figured  specimens  of  100  sj)ecit«,  was 
ac(iuire<l  by  purchase.  The  transmissions  from  the  (ieological  Survey  includtHi 
3,755  s|>e<"imen8  of  Cambrian  brachiojMxls,  which  had  been  the  subject  of  si^vial 
study  by  the  Director,  Dr.  Charles  D.  Walcott. 

The  extensive  series  of  teeth  of  the  elephant  and  mastodon,  obtaineil  by  Mr. 
W.  H.  Holmes  at  Afton,  Ind.  T.,a880ciate<l  with  prehistoric  implements,  has  provinl 
of  great  interest,  several  species  being  represented. 

The  acci»ssions  in  Paleobotany  include  a  valuablt*  collei-tion  of  fo.'vil  plants,  com- 
prising the  type  sjn^cimens  de8cril)eil  by  Prof.  Elx^uezer  Enmions  in  his  American 
GtH)logy,  jwrt  (>,  1857;  100  siiecimens  from  the  auriferous  gravels  of  (California,  col- 
fected  by  Mr.  C.  D.  Voy;  40  ppc»cimens  from  what  may  Ix*  the  Upper  Juraf«i(*  f(»r- 
niation  in  the  vicinity  of  the  Comincoal  mine,  near  CajK'  Lisbourne,  Alaska;  alxmt 
300  specimens  from  the  Mi(xjene  I-ake  beds  of  the  South  Fork  of  John  Day  River,  in 
(trant  County,  Oreg.,  tran.MmittcHl  by  the  Geological  Survey;  and  alx)ut  100  s|)eci- 
mens  of  Upper  CarlH)niferou8  plants  from  the  vicinity  of  Plympton,  Mo.,  tlescrilKnl 
by  Mr.  David  White  in  the  Fossil  Flora  of  the  Coal  Mea8un»s  of  Missouri,  and  j)re- 
hented  by  Dr.  John  II.  Britts,  of  Plympton. 

Ejrjiltjratimia. — Owing  to  the  very  limite<l  means  available  for  fiel<l  re«earches,  the 
mnount  of  work  of  this  character  carrie<l  on  by  assistants  of  the  Museum  has  l)een 
n»latively  small,  and  most  of  the  expeditions  made  were  only  rendered  possible 
through  c<M)j>eration  with  other  bureaus  of  the  (tovemment  or  through  the  gener- 
oeity  of  individuals.  The  (iovernment  exploratitms  by  which  the  Museum  is  nntst 
benefittnl  are  those  con<lucte<l  by  the  Geological  Sur\'ey,  the  Fish  Commission,  the 
Department  of  Agriculture,  and  the  Bureau  of  Ethnology  of  the  Smithsonian  Insti- 
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tution.  OflScers  of  the  Anny  and  Navy,  with  the  exceptional  opportunities  now 
afibrdetl  them,  have  also  heen  doing  some  excellent  work  for  the  Museum,  especially 
in  the  Philippine  Islands.  In  this  connection  mention  should  likewise  }ye  made  of 
the  important  explorations  which  Dr.  \V.  L.  Abbott,  of  Philadelphia,  haa  been  car- 
rying on  for  several  years  in  the  East  Indies  entirely  at  his  own  expense,  the  results 
being  generously  donated  to  this  Institution.  The  latter  comprise  large  collections 
in  zoolo^'  and  ethnology,  whose  value  is  enhanced  by  the  fact  of  their  coming  from 
a  region  hitherto  scarcely  represented  in  any  museum  in  the  world.  The  field  work 
engaged  in  during  the  year  by  members  of  the  Museum  staff  was  as  follows: 

Mr.  W,  H.  Holmes,  head  curator  of  anthropology,  visited  Indian  Territory  and 
Missouri,  in  the  former  investigating  an  interesting  deposit  of  flint  implements  and 
bone  utensils  associated  with  the  remains  of  extinct  and  recent  mammals  at  Afton, 
and  an  ancient  chert  quarry  on  the  Peoria  Indian  Reservation,  and  in  the  latter 
examining  near  Kimmswnck  an  extensive  deposit  of  fossil  mammals  in  which  human 
remains  were  said  to  occur,  and  an  ancient  village  site  containing  stone  implements 
and  pottery.  The  investigations  begun  by  Dr.  Walter  Hough  in  Arizona,  in  June, 
1901,  were  continued  through  the  summer,  in  conjunction  with  Mr.  Peter  G.  Gates,  of 
Pasadena,  Cal.,  and  chiefly  at  the  expense  of  the  latter.  An  archaeological  section 
was  made  on  a  north  and  south  line  from  Fort  Apache  to  Moki,  a  distance  of  alx>ut 
180  miles,  and  a  large  amount  of  material  was  obtained.  Ethnographical  work 
was  also  done  among  the  Apache,  Navajo,  and  llopi  Indians,  and  two  new  groups  of 
Tuinti  north  of  Holbrook  were  mapped. 

Mr.  W.  H.  Ashmead,  who  accomx)anied  an  expedition  of  the  United  States  Fish 
Commission  to  the  Hawaiian  Islands  in  May,  1901,  for  the  purpose  of  making  col- 
lections of  insects  and  of  studying  the  insect  fauna  of  these  new  possessions,  returned 
late  in  the  summer  with  an  important  lot  of  material.  Mr.  B.  S.  Bowdish,  formerly 
of  the  United  States  Army  in  Porto  Rico,  was  employed  for  about  seven  months  in 
proc'uring  zoological  specimens,  chiefly  birds,  in  Porto  Rico,  in  eastern  Cuba,  and  on 
Mona  Island.  Mr.  C.  L.  Pollard  and  Mr.  William  Palmer  accompanied  Dr.  Edward 
Palmer,  of  the  Department  of  Agriculture,  in  the  spring  of  1902  on  an  expedition  to 
eastern  Cuba,  where  they  obtained  an  interesting  collection  of  plants,  birds,  bats, 
insects,  and  marine  invertebrates. 

The  station  of  the  Cabot  Steam  Whaling  Company,  on  the  south  coast  of  New- 
foundland, was  visiteil  during  the  summer  of  1901  by  Dr.  Frederick  W.  True,  who 
made  a  special  study  of  the  sulphur-bottom  whales,  obtained  many  photographs,  and 
arranged  for  the  preparation  and  shipment  to  Washington  of  the  skeleton  of  a  large 
w^hale.  In  a  collecting  trip  to  Colorado,  Dr.  II.  G.  Dyar,  in  company  with  Mr. 
A.  N.  Caudell,  of  the  Department  of  Agriculture,  sei^ured  some  10,000  specimens  of 
I^pidoptera,  and  Mr.  E.  A.  Schwarz  made  in  Arizona,  at  his  own  expense,  a  very 
lai^  colle^-tion  of  insects.  Two  months,  during  the  spring  of  1902,  were  spent  in 
southeni  Illinois  by  Mr.  Robert  Ridgway,  in  the  interest  of  the  Division  of  Birds. 
Botanical  explorations  were  carried  on  in  Central  America  during  the  summer  of 
1901  by  Mr.  J.  N.  Rose,  assisted  by  Mr.  Robert  Hay,  of  Washington. 

Important  collections  were  made  by  Mr.  Charles  Schuchert  of  Helderbergian 
fossils  in  New  York  and  uf  Cretaceous  fossils  in  New  Jersey.  Mr.  F.  W.  Crosby 
obtained  for  the  Museum  a  remarkably  fine  series  of  pot  holes  from  the  basalt  rocks 
near  Snake  River  Falls,  Idaho. 

Exchanges. — The  use  of  its  duplicate  specimens  in  effecting  exchanges  with  other 
scientific  establishments  and  with  individuals  was  recognized  by  the  act  founding 
the  Institution  as  an  important  means  of  increasing  the  collections  of  the  Smithsonian 
Museum,  and  so  it  has  proved  to  l)e  during  the  more  than  fifty  years  that  the  prac- 
tice has  been  followed.  The  amount  of  material  involved  in  each  transaction  ranges 
from  one  or  a  few  specimens  to  collections  of  considerable  size,  while,  the  equivalent 
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obtained  generally  coneists  of  species  or  objects  not  previously  represented.  The 
duplicate  specimens  have  therefore  a  high  value  as  a  purchasing  medium,  and  have 
been,  as  a  whole,  the  principal  resource  of  the  Museum  for  filling  gape  in  the  collec 
tions,  and  for  completing  its  series  along  many  lines.  Much  valuable  material  was 
secured  through  ^this  means  during  the  past  year  from  both  domestic  and  foreign 
sources,  the  institutions  and  individuals  abroad  entering  into  exchange  relations 
having  been  as  follows: 

Great  Britain:  The  British  Museum  of  Natural  History  at  London,  the  Royal 
Botanic  Gardens  at  Kew,  Mr.  E.  Lovett,  of  Croydon;  Prof.  A.  C.  Haddon,  of  Cam- 
bridge; Messrs.  Sowerby  and  Fulton,  of  Kew;  Mr.  H.  Sidebottom,  of  West  Stock- 
port, Cheshire,  and  the  Rev.  F.  W.  Galpin,  of  Harlow.  France:  The  Museum  of 
Natural  History  at  Paris;  Mr.  Georges  Lachenand,  of  Limoges;  Prof.  Michel  Gan- 
doger,  of  Arnas  (Rhone);  Mr.  R^n6  Martin,  of  Le  Blanc  (Indre),  and  Prof.  S.  E. 
Lassimonne,  of  Moulins,  Allier.  Germany:  The  Senckenbergisches  Museum  at 
Frankfort-on-Main;  Dr.  J.  Thiele,  Mr.  L.  Frobenius,  and  Mr.  C.  Schirmer,  of  Berlin; 
Dr.  Edward  Rosenstock,  of  Gotha,  Thuringen,  Tind  Dr.  E.  Schellwien,  of  Konigs- 
berg.  Austria:  The  Imperial  Royal  Natural  History  Museum  at  Vienna.  Italy: 
The  Royal  Zoological  Museum  at  Florence;  Prof.  M.  Bezzi,  of  Sondrio;  Dr.  Felippo 
Sylvestri,  of  Bevagna,  Umbria,  and  Mr.  Luigi  Ganlinale,  of  Vicenza.  Switzerland: 
Mr.  E.  von  Fellenberg,  of  Berne,  and  Mr.  M.  Micheli,  of  Rofkiilly,  Geneva.  Por- 
tugal: Prof.  Paul  Choffat,  of  Lisbon.  Holland:  The  Rijks  Museum  of  Natural 
History  at  Leiden  and  Mr.  M.  Buysman,  of  Middleburg.  Belgium:  Mr.  Victor 
Mahillon,  of  Brussels.  Sweden:  The  Zoological  Institute  of  the  University  of 
Upsala,  and  Mr.  Sven  p]kman,  of  Upsala.  Japan:  The  Imperial  University  at  Tokyo. 
India:  The  Royal  Botanical  Garden  at  Seebpore,  near  Calcutta.  South  Africa:  The 
Albany  Museum  at  Grahamstown,  and  the  Botan  cal  Gardens  at  Berea,  Durban. 
Brazil:  The  Museu  Paulista,  Sao  Paulo.  Chile:  The  National  School  of  Mines. 
Uruguay:  Sefior  Serveriano  de  Olea,  of  Montevideo.  Mexico:  The  National  Museum 
at  the  City  of  Mexico.  Jamaica:  Jamaica  Botanical  Gardens  at  Kingston.  Canada: 
The  Geological  Survey  of  Canada  at  Ottawa,  and  Mr.  James  Fowler,  of  Kingston. 

The  exhibilion  halh. — The  crowded  state  of  most  of  the  exhibition  halls  has  pre- 
vented extensive  additions  to  the  display  collections  except  in  a  few  directions. 
Much  work  was  done,  however,  toward  improving  the  condition  and  appearance  of 
these  collections  by  small  additions,  and  by  the  substitution  in  many  instances  of 
better  material  and  of  a  higher  class  of  preparations.  Considerable  progress  was  also 
made  toward  completing  the  system  of  labeling.  It  had  been  anticipated  that  pro- 
vision would  have  to  be  nia<ie  during  the  year  for  housing  the  Museum  exhibit  at 
the  Pan-American  Exposition.  A  large  part  of  the  material  was,  however,  sent  to 
the  South  Carolina  Interstate  and  West  Indian  Exposition,  but  l)efore  the  close  of 
the  year  the  entire  collection  was  back  in  Washington.  The  objects  returned  directly 
from  Buffalo  have  been  mainly  (;are<i  for  by  the  transfer  to  storage  of  some  of  the 
less  desirable  preparations  previously  displayed,  and  by  utilizing,  though  only  tem- 
porarily, a  part  of  the  lecture  hall. 

In  the  Department  of  Anthroj>ology  several  of  the  halls  have  been  thoroughly 
renovated,  in  some  the  collections  have  been  rt^installed,  and  space  has  been  found 
for  a  few  new  ethnological  grouj^. 

Among  the  additions  in  the  De|>artraent  of  Biology  were  many  finely  mounted 
specimens  of  American  mammals  and  birds,  a  part  of  the  display  at  the  Pan- Amer- 
ican Exjwsition,  the  former  including  a  large  s[>ecimen  of  Steller's  sea-lion  an«i  a 
skeleton  of  the  Kadiak  bear.  In  the  south-east  Museum  range,  allotted  to  reptiles, 
batrachians,  and  fishes,  some  improvementij  have  l)eeu  made,  several  new  cases  bein^ 
provided,  many  new  preparations  replacing  older  ones,  and  a  numljer  of  large  forms 
not  previously  reprenented  being  added.  Among  the  latter  were  a  cast  of  the  King 
Cobra  snake  with  accessories  representing  the  edge  of  an  Indian  jungle,  a  very  lai^ 
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Amazon  River  turtle,  a  Mata-mata  turtle,  a  huge  alligator  snapper,  the  largest  of  the 
North  American  water  turtles,  several  boas,  lizards,  toads,  and  frogs.  An  exhibit  of 
lizards  will  be  arranged  in  some  of  the  wall  cases. 

The  permanent  installation  of  insects  in  the  hall  recently  assigned  to  this  group  at 
the  western  end  of  the  Smithsonian  building  has  progressed  to  the  extent  of  mount- 
ing about  2,700  specimens  in  20  of  the  standard  boxes  occupying  several  upright 
cases.  In  the  labeling  of  this  series  attention  has  especially  been  called  to  species  of 
peailiar  habits  and  to  those  of  most  interest  to  the  public. 

To  the  display  of  vertebrate  fossils  have  been  added  partial  skeletons  of  the  large 
Tricemtops  prorstts  and  of  the  carnivorous  dinosaur,  Allosaurus.  The  installation  of 
the  Harris  collection  of  invertebrate  fossils,  in  a  section  of  the  rail  case  of  the  gallery 
in  the  southeast  court,  has  been  practically  completed.  This  collection,  received  in 
1898,  is  one  of  the  finest  yet  made  in  the  region  it  represents,  being  especially  rich  in 
crinoids,  star-fishes,  and  trilobites,  containing  of  the  last  group  about  600  out  of  the 
750  species  known  from  the  Cincinnati  formation. 

The  collections  relating  to  physical  and  chemical  geology  have,  in  part,  l^een 
thoroughly  overhauled  and  rearranged,  and  about  100  j)hotograph8,  maps,  and  other 
pictures  illustrative  of  these  subjects  have  been  placed  on  the  adjoining  walls.  The 
building  of  galleries  in  the  south-west  range  made  it  necessary  to  remove  for  a  time 
the  collection  of  minerals,  which,  at  the  close  of  the  year,  was  being  reinstalled  after 
careful  renovation. 

Publicationjt. — The  publications  issued  during  the  year  comprised  volume  23  of  the 
Proceedings,  and  a  number  of  papers  belonging  to  volume  24,  Part  I  of  Bulletin  No. 
50,  Bulletin  No.  51,  two  additional  parts  of  Bulletin  No.  39,  and  Circular  No.  51, 
descriptive  of  the  collections  illustrating  rock  weathering  and  soil  formation,  recently 
prepared  for  distribution  to  educational  establishments.  While  the  annual  report 
for  1900  in  complete  form  was  not  received  from  the  Government  Printing  Office 
until  after  the  close  of  the  fiscal  year,  a  small  edition  of  the  several  papers  composing 
it  was  distributed  as  separates  at  an  earlier  date. 

Bulletin  No.  50,  entitled  **The  Birds  of  North  and  Middle  America,''  by  Mr.  Rob- 
ert Ridgway,  is  intended  to  contain  descriptions  of  all  the  species  and  subspecies  of 
birds  known  to  occur  on  the  North  American  continent,  and  will  consist  of  several 
parts  or  volumes.  Part  1  treats  of  the  Fringillidae;  part  2,  covering  the  Tanagridse, 
Icteridje,  Ccerebidae,  and  the  Mniotiltidae,  is  in  press.  Bulletin  No.  51,  compiled 
by  Mr.  R.  I.  Geare,  is  a  list  of  the  publications  of  the  National  Museum  from 
1875  to  1900,  including  all  papers  printed  in  the  Reports  and  Proceedings,  and  has  an 
index  by  titles.  The  additions  to  Bulletin  No.  39  are,  a  revised  edition  of  Mr.  Ger- 
rittS.  Miller's  **  Directions  for  collecting  and  preserving  study  specimens  of  small 
mammals,"  with  abstracts  in  German,  French,  and  Spanish,  and  *' Directions  for 
collectors  of  American  basketry,"  by  Prof.  O.  T.  Mason. 

Library. — The  additions  to  the  library  during  the  year  numbered  613  books,  13,065 
pamphlets,  and  5,885  parts  of  periodicals. 

Erpomtions. — ^At  the  Pan-American  Exposition  held  in  Buffalo,  N.  Y.,  from  May  1 
to  November  1, 1901,  the  Museum,  in  conjunction  with  the  parent  institution  and  its 
other  branches,  made  an  extensive  and  exceedingly  creditable  display.  The  main 
features  consisted  of  a  large  number  of  life-sized  lay-figure  groups  illustrating  the 
type  tribes  of  American  aborigines,  of  finely  mounted  specimens  of  many  of  the  larger 
American  mammals,  birds,  reptiles,  and  fishes,  and  of  the  skeletons  and  restorations 
of  several  of  the  large  fossil  vertebrates  of  the  western  United  States. 

UpK)n  the  close  of  this  exposition,  in  accordance  with  the  directions  of  the  Presi- 
dent of  the  United  States,  a  carefully  selected  collection  from  the  above  exhibit  was 
tranaferred  to  the  South  Carolina  Interstate  and  West  Indian  Exposition,  whic-li 
opened  at  Charleston  on  December  1,  1901,  and  continued  until  May  31,  1902. 
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For  thp-  L/Hil«iaiui  Pareha3*e  Expo^itioa,  t«>  be  hel*!  at  St.  L«:>nL«,  Mo.,  liuring  the 
.siinjiner  of  l!if>4.  Congress  hai*  appropriated  $4o<MVlO  towani  the  eivt'ti<  >n  t»ia<TOv- 
emment  ^KiiMiii};  aii«l  ^"^'lO.OilO  for  the  pre|«ration  and  installation  •>!  an  exhi!>it  by 
the  wveral  departmnntit  and  Y>urvaik>  of  the  iJovenmient-  I>r.  Fne»Wri«'k  W.  True, 
hca^l  curator  of  biolo^*,  has*  lieen  designated  to  repre:>ent  the  Institution  aiid  Mu^^um 
on  the  government  Xtoard  of  management,  having  sensed  in  the  saiue  fafjacity  in 
connection  with  the  P^-Ameri<3in  and  Charleston  ex|io^ition:«. 

Res^pectfuUy  submitted. 

KirHARl>    R^THBCX, 

Mr.  S.  P.  Lang  LEY, 

Strrritiint  of  thf  SmithMrttuut  htfiiiuiit/tt. 

Arijrprr  1,  IS^Trj. 


Appendix  II. 

REPORT  OF  THE  BUREAU  OF  AMERICAN  ETHNOTX>GY. 

Sir:  I  have  the  honor  to  report  on  tlie  operations  conducte<i  in  the  Bureau  of 
American  Ethnology  during  the  fiscaryear  ending  June  30,  1902,  under  authority  of 
the  act  of  Congress  making  provision  "for  continuing  researches  relating  to  the 
American  Indians  under  the  direction  of  the  Smithsonian  Institution,'*  approved 
March  4,  1901.  The  work  was  carried  forward  in  acconlance  with  the  formal  plan 
of  operations  submitted  on  May  20,  1901,  and  approved  by  the  Secretary  on  May 
23,  1901. 

Field  operations  were  conducted  in  Alaska,  Arizona,  British  Columbia,  California, 
Colorado,  Chihuahua  (Mexico),  Greenland,  Indian  Territory,  Iowa,  Maine,  Missouri, 
New  Mexico,  New  York,  Oklahoma,  Oregon,  Porto  Rico,  Texas,  and  Wyoming.  The 
office  work  covered  material  gathered  from  most  of  the  States  and  Territories,  as  well 
as  fn)m  various  other  parts  of  the  American  hemisphere. 

Scope  of  the  Work. 

The  researches  of  the  year  were  conducted  in  accordance  with  an  ethnic  system 
set  forth  in  the  earlier  reports.  This  system  may  be  defined  as  the  Science  of  Eth- 
nology in  its  modem  aspects.  Although  based  on  investigations  in  all  parts  of  the 
world  during  the  past  century,  the  system  is  essentially  the  product  of  the  researches 
in  American  ethnology  during  the  last  two  decades  of  the  nineteenth  century.  Now 
that  the  systemJias  assumed  definite  form,  it  affords  a  foundation  not  only  for  future 
researches,  but  for  applying  the  principles  of  ethnology  to  practical  questions. 
Accordingly  the  work  of  the  year  was  gradually  turned  toward  lines  bearing  directly 
on  questions  of  public  interest 

Among  the  lines  of  work  in  what  may  be  called  Applied  Ethnology,  to  which  special 
attention  has  been  given  during  the  year,  two  may  be  particularly  mentioned: 

1.  Physical  ethnology. — On  the  institution  of  the  Bureau  in  1879  the  Director  found 
the  8cient«  incomplete  in  that  it  dealt  largely  with  merely  casual  chara  teristics  of 
tribes  and  races,  and  neglet^ted  the  essential  characteristics  expressed  in  the  activities, 
or  the  doings,  of  peoples.  So,  special  attention  was  given  to  the  habitual  doings  of 
the  several  tribes  studied,  and  at  the  outset  each  was  regarded  as  an  activital  type  or 
genus;  these  were  then  <  omparetl,  and  in  the  light  of  the  comparison  the  activities 
themselves  were  analyzed  and  afterward  grouped  systematically.  It  was  in  this  way 
that  the  science  of  demonomy,  with  its  subdivisions  each  relating  to  a  group  of 
activities,  was  developed.  Now  this  great  science,  dealing  as  it  does  with  the  doings 
of  tribes  and  races,  each  regarded  as  a  typical  group,  is  practi«  ally  confined  to  the 
artificial  or  psychical  side  of  mankind;  it  barely  touches  the  natural  or  physical 
attributes;  yet  it  affords  a  bass  for  classifying  these  attributes  and  measuring  the 
influence  of  the  prime  force  of  demotic  activity  in  shaping  their  development.  In 
other  words,  the  earlier  ethnology  dealt  only  with  features  and  traits  inherited  from 
prehistoric  ancestry;  what  may  be  called  the  New  Ethnology  deals  with  those  traits 
and  human  powers  by  which  mankind  is  dstinguished  innn  all  other  organisms. 
The  researches  indicate  that  such  traits  and  })ower8,  such  features  and  fa^-ulties,  are 
connected  with  the  normal  <levelopment  of  tribes  and  races,  and  are,  indeed,  the 
essential  fa<'tors  in  the  growth  of  nations.     Acconlingly  it  wouM  seem  that  the  time 
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is  at  hand  for  applying  the  principles  of  the  New  Ethnology  to  American  aborigines 
as  ethnic  constituents  of  a  growing  citizenship.  The  application  requires  a  statistical 
study  of  physical  characteristics,  including  viability,  industrial  aptitude,  etc.,  of 
typical  Indian  tribes,  together  with  a  similar  study  of  mixed  blood.-*,  or  mestizos, 
both  conducted  with  a  view  of  comparison  with  Caucasian  and  other  ethnic  norms. 
The  importance  of  thi  ^  line  of  inquiry  is  suggested  by  the  fact  that  there  are  no 
physical  statistics  on  record  of  any  tribe  of  our  passing  race  available  for  comparing 
stature,  strength,  endurance,  viability,  fecundity,  and  other  physical  attributes,  with 
those  of  Caucasians,  either  with  the  view  of  gratifying  our  instinctive  desire  for 
knowledge  or  with  the  object  of  deriving  useful  information  from  the  exj^erience  of 
other  peoples.  The  importance  of  inquiries  concerning  mestizos  is  sufficiently  indi- 
cated by  the  history  of  a  neighboring  Republic,  whose  president  is  at  onc*e  a  product 
of  the  blended  blood  of  the  white  and  red  races,  and  one  of  the  foremost  among  the 
world's  national  leaders.  Singularly,  there  are  no  trustworthy  records  of  mestizos  in 
this  country,  though  their  number  must  reach  some  30  to  60  per  cent  of  that  of  the 
pure-blood  Indian  population.  Nor  is  it  to  l)e  forgotten  that  many  of  the  practical 
problems  connected  with  immigration,  Chinese  exclusion,  the  occupation  of  Porto 
Rico,  Hawaii,  and  the  Philippines,  and  the  education  of  the  colored  race  can  be 
finally  solve<l  only  in  the  light  of  ethnologic  principles,  whether  these  he  developed 
through  slow  experience  or  derived  from  scientific  researches  alrea<ly  advanced  to 
the  applicable  stage.  These  and  other  weighty  considerations  have  le<i  to  the 
inauguration  of  researches  in  physical  ethnology.  During  the  fiscal  year  a  series  of 
physical  records  made  by  Dr.  Franz  Boas  among  the  Siouan  Indians,  with  photo- 
graphs representing  the  physical  types,  was  accepted  for  publication. 

2.  Aboriginal  economic*. — It  is  well  known  that  aboriginal  America  gave  the  world 
com,  the  potato,  certain  I)ean8  and  squashes,  tobacco,  two  varieties  of  cotton,  and  the 
domestic  turkey;  it  is  not  so  well  known  that  the  native  tribes  utilized  various  other 
natural  resources  which  might  well  be  introduced  into  the  dietary  and  commerce  of 
Caucasian  peoples;  and  still  less  is  it  realized  that  various  prepared  foods  in  habitual 
use  by  the  Amerinds  are  of  unsurpassed  excellence — for  while  succotash  and  hominy 
have  come  into  general  use,  the  far  superior  pinole,  tamale,  and  pemmican  are  only 
locally  used  by  whites  and  many  other  desirable  dishes  are  entirely  neglected. 
When  the  Bureau  was  instituted  it  was  a  common  impression  that  the  al)origines 
were  mere  huntsmen  and  fishermen,  whose  habits  were  in  the  highest  degree  vicious 
and  improvident;  but  as  the  human  activities  were  define<l  and  the  alwriginal  indus- 
tries were  adopted  it  became  more  and  more  evident  that  many  of  the  tribes  were 
essentially  agricultural,  and  that  all  subsisted  in  much  larger  degree  than  commonly 
supposed  on  the  produce  of  the  soil.  As  researches  progressed  the  importance  of 
various  aboriginal  food  sources  neglected  by  the  Anglo-Saxon  ])ecame  clear,  and  at 
the  same  time  it  became  clear  that  our  people  might  learn  much  from  the  red  man  con- 
cerning the  simpler  agricultural  methods  and  the  ways  of  bringing  plants  and  animals 
under  cultivation  and  domestication.  The  success  of  the  native  in  utilizing  natural 
resources  is  well  illustrated  in  the  arid  region  comprising  that  portion  of  the  country  still 
unsettled.  The  traveler  over  the  principal  railway  from  a  few  miles  west  of  El  Paso  to 
a  few  miles  east  of  San  Bernardino  traverses  a  zone  supporting  a  Caucasian  iM)puIa- 
tion  of  some  20,000,  with  perhaps  half  as  many  Indians;  the  same  zone  alKunids  in 
ruins  of  aboriginal  dwellings,  temples,  acequias,  and  raservoirs,  attesting  a  i)opuIa- 
tion  fully  ten  times  greater  during  the  agricultural  period  antedating  the  Apache 
wars  of  the  last  eight  or  ten  centuries.  It  is  highly  significant  that  our  least- 
populated  arid  districts  in  the  Southwest  are  those  yielding  most  abundant  evidences 
of  numerous  population  during  prehistoric  times.  A  s^iecific  example  may  lie  found 
in  Arivaca  Valley,  Arizona,  with  a  present  ]>opulation  of  less  than  100;  yet  one  of 
seven  prehistoric  villagers  within  the  valley  compri.^'s  ruins  of  more  than  120  dwell- 
ings, with  temjiKs  cxtrral,  stadium,  an^l  plaza.«a,  evidently  representing  a  iKipulatioii 
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• 
of  fully  600  for  the  village  and  3,000  to  5,000  for  the  valley.  Although  the  depopula- 
tion began  in  the  prehistoric  age,  through  wars  still  in  progress  at  the  time  of  discov- 
ery, the  historic  period  has  witnessed  a  part  of  the  change;  for  it  can  not  be  doubted 
that  Cabeza  de  Vaca,  Goronado,  Alarcon,  and  their  followers  saw  witliin  the  zone 
between  western  Texas  and  eastern  California  a  population  twice  or  thrice  the 
aggr^ate  now  subsisting  within  it,  and  this  despite  modem  multiplication  of  indus- 
tries connected  with  mining,  grazing,  and  transportation.  The  success  x)f  the  abo- 
riginal husbandman  in  this  region  was  partly  due  to  a  system  of  irrigation  so 
satisfactory  that  modern  farmers  often  profit  by  the  prehistoric  ditches;  yet  his  chief 
advantages  grew  out  of  a  more  economical  adjustment  between  labor  and  produce, 
including  crops  now  neglected.  Among  the  neglected  crop  plants  are  various  cacti 
(locally  known  as  saguaro,  pitahaya,  nopal,  saguesa,  etc.),  whose  fruits  sufiiced  to 
support  the  entire  native  population  for  some  two  months  of  each  year,  though  they 
are  never  used  by  Anglo-Saxon  settlers.  These  cacti  are  pnKlucts  of  the  desert  par 
excellence,  a^ijusted  to  their  habitat  during  geologic  ages,  and.  in  some  way  not  yet 
made  out,  deriving  their  vital  energy  chiefly  from  light;  and  they  give  promise  that 
(unless  exterminated  by  vandalism)  they  will  some  day  yield  to  intelligent  cultiva- 
tion and  add  an  invaluable  resource  to  our  arid  districts.  The  researches  concerning 
aboriginal  food  sources  have  been  coupled  with  other  studies  in  native  economics, 
including  those  pertaining  to  textiles  used  for  clothing,  birch  bark  used  for  canoes 
and  habitations,  the  making  of  Ijaskets,  etc.  In  most  cases  the  immediate  aim  was 
to  record  the  primitive  customs  and  crafts  as  a  contribution  to  knowledge  of  a  ];)assing 
race,  but  the  investigations  have  reached  the  stage  of  yielding  useful  lessons  to  the 
superior  race.  As  announced  in  recent  reports,  productive  studies  of  the  beginning 
of  agriculture  and  zooculture  have  been  conducted.  During  the  past^scal  year  a 
memoir  on  Wild  Kice,  by  Dr.  Jenks,  has  been  published,  with  a  view  of  directing 
attention  to  a  natural  resource  giving  promise  of  value  to  modern  agriculture;  Dr. 
Russell  spent  the  greater  part  of  the  year  in  a  critical  study  of  a  typical  tribe  of  the 
arid  region  (the  Pima  Indians),  and  has  prepared  a  memoir  on  their  industries  for 
early  publication;  a  systematic  investigation  of  the  birch-bark  industries  of  the 
aborigines  was  taken  up  by  Dr.  Jenks;  and  Dr.  Fewkes  devoted  a  part  of  the  year  to 
a  special  study  of  the  aboriginal  economy  of  Porto  Rico,  with  particular  reference  to 
the  artifacts  and  customs  still  extant,  and  giving  promise  of  future  value  to  that 
newly  acquired  territory. 

Except  for  the  diversion  of  a  portion  of  the  energies  of  a  few  collaborators  to  the 
applications  of  ethnology,  the  work  has  been  continued  along  former  lines;  and,  as 
heretofore,  most  of  the  collaborators  have  been  employed  partly  in  the  field  and 
partly  in  the  office. 

The  organization  of  the  work,  which  is  slightly  modified  by  the  applications  herein 
set  forth,  may  be  defined  as  follows:  (1)  Physical  characteristics  (including  the 
demography  of  the  native  tribes),  or  somatology;  (2)  mental  charactenstics,  or 
psychology;  (3)  arts  (including  games,  sports,  etc.),  or  esthetology;  (4)  industries 
(including  economics),  or  technology;  (6)  laws,  or  sociology;  (6)  languages,  or 
philology;  and  (7)  myths  (together  with  attendant  ceremonies  and  other  observ- 
ances), or  sophiology.  Customary  attention  has  been  given  also  to  general  and 
clas^ific  work,  to  the  illustration,  editing,  and  publication  of  reports,  to  distribution 
of  the  published  material,  and  to  the  ancillary  office  work. 

Field  Research  and  Exploration. 

The  Director  spent  over  three  months  in  Maine,  engaged  (so  far  as  impaired  health 
permitted)  in  researches  among  the  northeastern  Algonquian  Indians  and  in  revising 
his  classificatory  writings  designed  for  the  guidance  of  operations  in  the  Bureau. 
The  linguistic  and  other  material  obtained  from  the  Indians  was  utilized  directly  in 
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the  more  general  work,  including  the  linguistic  classification  described  in  other 
paragraphs. 

Although  occupied  chiefly  in  adminstrative  work,  the  Ethnologist  in  Charge  made 
a  reconnaisance  in  eastern-central  Colorado  early  in  the  fiscal  year,  visiting  certain 
archseologic  localities,  notably  in  the  vicinity  of  Pueblo,  Colo.,  and  tracing  the  con- 
ditions affecting  tribal  movements  during  prehistoric  times  about  the  borderland 
between  the  peoples  of  the  plains  and  those  of  the  mountains  and  plateaus. 

On  August  16,  Dr.  J.  Walter  Fewkes  proceeded  to  southern  Colorado  and  northern 
New  Mexico  for  the  purpose  of  extending  archaeologic  explorations  in  districts  hith- 
erto inadequately  studied.  His  operations  were  extended  southeastward  through 
New  Mexico  into  western  Texas  and  northern  Chihuahua  (Mexico);  in  the  latter 
State  he  made  the  most  critical  study  thus  far  attempted  of  the  extensive  prehistoric 
ruins  known  as  Las  Casas  Grandes.  Throughout,  he  made  extended  notes  on  the 
surviving  tribes,  as  well  as  on  the  various  types  of  ruins  and  other  relics,  of  which  a 
carefully  selected  collection  was  brought  in  on  his  return  to  the  ofllice  on  November  20. 

On  April  28  Dr.  Fewkes  sailed  for  Porto  Rico,  with  the  object  of  making  such  a 
reconnaissance  of  this  and  neighboring  islands  as  might  serve  to  throw  light  on  those 
aboriginal  industries  still  surviving  and  giving  promise  of  utility,  and  at  the  same 
time  form  a  basis  for  a  more  extended  investigation  during  the  current  year. 
Although  scarcely  extender!  beyond  Porto  Rico,  his  work  was  successful,  yielding 
material  for  a  special  report.  He  returned  to  Washington  and  l)egan  the  prepara- 
tion of  this  report  just  before  the  close  of  the  fiscal  year. 

Mr.  James  Mooney  proceeded,  on  September  17,  to  the  field  in  Oklahoma  and 
Indian  Territory,  where  he  resumed  a  special  investigation  of  the  heraldic  systems 
employed  among  the  Kiowa,  Kiowa-Apache,  and  Cheyenne  tribes.  His  work  con- 
tinued throughout  the  fiscal  year,  yielding  the  greater  part  of  the  material  required 
for  an  exhaustive  monograph  on  one  of  the  most  interesting  customs  of  the  Ameri- 
can aborigines.  In  connection  with  the  study  of  the  devices,  a  considerable  objec- 
tive collection  was  brought  together  for  preservation  in  the  National  Museum. 

Throughout  the  entire  fiscal  year  Dr.  Frank  Russell  was  in  the  field,  chiefly  in 
Arizona,  though  his  operations  extended  into  New  Mexico  and  Colorado,  and  about 
the  close  of  the  year  into  the  Muskwaki  habitat  in  Iowa.  During  the  earlier 
months  he  made  an  extended  archseologic  reconnaissance  of  the  upper  Gila  Valley, 
pushing  his  journey  southward  to  the  international  boundary,  westward  to  the 
area  already  covered  by  other  collaborators,  and  northward  to  the  border  of  the 
plateau  country;  thence  the  surveys  were  extended  over  the  plateaus  into  Colorado 
and  New  Mexico  for  the  purpose  of  comparing  the  lowland  antiquities  with  those  of 
the  highlands.  During  winter  and  spring  he  located  in  the  Pima  country,  near  Saca- 
ton,  and  began  a  systematic  study  of  the  industrial  and  other  customs  of  the  Pima 
tribe.  The  work  yielded  material  for  a  special  report  on  the  technology  of  the  tril)e 
and  for  a  more  general  monograph  on  the  historic  and  prehistoric  inhabitants  of  the 
Gila  Valley. 

On  October  30  Dr.  Albert  S.  Gatschet  repaired  to  Indian  Territory  for  the  purpose 
of  completing  his  Peoria  vocabulary  and  grammar,  and  making  cognate  re8ear(!hes 
among  the  few  survivors  of  the  Peoria  tribe.  He  was  able  to  perfect  his  reconls  of 
the  language  of  the  tribe  during  the  ensuing  month  and  bring  his  work  to  a  8ucee«»- 
ful  close  about  the  middle  of  December. 

The  beginning  of  the  year  found  Dr.  John  R.  Swanton  engaged  in  researches 
concerning  the  language  and  social  organization  of  the  Haida  Indians  in  Britifsh 
Columbia.  Thitj^work  continued  until  September,  yielding  voluminous  material  for 
publication  in  future  reports.  On  September  30  he  returne<l  to  Washington  and 
began  preparing  the  material  for  printing. 

Under  the  immediate  guidance  of  Dr.  Franz  I^as,  philologist,  Mr.  H.  11.  St.  Clair, 
2d,  spent  the  first  three  months  of  the  year  in  linguistic;  researches  in  Wyoming 
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and  Oregon.  In  the  former  State  he  made  a  full  record  of  the  local  Shoshoni  dialect, 
and  in  the  latter  he  made  a  partial  collection  of  the  lexic  and  grammatio  material  of 
the  Wasko  and  Piute  languages.  Under  similar  guidance,  Mr.  William  Jones  made  a 
critical  study  of  the  Muskwaki  language  in  Iowa  and  Indian  Territory';  and  Dr. 
Roland  6.  Dixon  recorded  the  languages  of  the  Maidu  and  other  tribes  of  north- 
eastern California  imder  the  auspices  of  the  American  Museum  of  Natural  History, 
but  with  an  arrangement  (noted  elsewhere)  by  which  the  material  is  available  in 
the  Bureau  work. 

On  September  25  Prof .  W.  II.  Holmes,  of  the  National  Museum,  and  Mr.  De  Lancey 
Gill,  of  the  Bureau,  repaired,  under  the  auspices  of  the  Bureau,  to  northeastern 
Indian  Territory  for  the  purpose  of  examining  a  spring  reported  by  a  correspondent 
to  contain  abundant  bone  and  flint  implements  associated  with  bones  of  both 
modem  and  extinct  animals.  They  were  successful  in  obtaining  (1 )  the  finest  collec- 
tion of  mammoth  teeth  thus  &ir  made  in  America;  (2)  one  of  the  finest* collections 
of  mastodon  teeth  ever  made,  and  (3)  the  most  striking  collection  of  chipped  arrow 
points,  lance  heads*,  and  knives  thus  far  made  in  a  single  locality  in  this  country. 
They  verified  the  reported  association  and  were  able  to  identify  the  spot  as  an 
aboriginal  shrine  to  which  the  attention  of  the  al>origines  was  probably  directed  by 
the  gigantic  teeth  and  bones  of  extinct  animals,  and  at  which  sacrifices  were  made 
through  several  generations.  During  the  same  trip  they  visited  Kimmswick,  Mo., 
where  also  human  relics  are  reported  to  occur  in  association  with  bones  of  extinct 
animals.  Toward  the  close  of  the  year  Professor  Holmes  again  visited  this  locality, 
and,  with  the  assistance  of  Mr.  Gerard  Fowke,  made  a  considerable  collection  for 
preser\'ation  in  the  Museum. 

In  November  Dr.  Robert  Stein  returned  from  a  two  years'  absenc;e  in  EUesmere- 
land  and  northern  Greenland,  where,  under  facilities  afforded  by  the  Bureau,  he 
obtained  ethnologic  data  of  interest  relating  to  the  northern  Eskimo,  or  "Arctic 
Highlanders.''  Besides  a  small  objective  collection  designed  for  preservation  in  the 
Museum,  he  brought  in  the  words  and  music  of  several  songs  which  serve  to  estab- 
lish the  existence  of  an  archaic  language  among  these  people,  and  at  the  same  time 
to  demonstrate  for  the  first  time,  and  despite  a  prevailing  opinion  to  the  contrary, 
the  existence  of  a  fiducial  cult  among  them. 

Tnder  a  special  arrangement.  Miss  Alice  C.  Fletcher  visited  Oklahoma  early  in 
the  fiscal  year  for  the  purpose  of  verifying  and  extending  her  records  of  certain 
Pawnee  rituals  designed  for  publication  by  the  Bureau.  Later  she  employed  certain 
aged  Pawnee  Indians  to  recite  the  ancient  rituals  in  such  manner  as  to  permit  the 
making  of  phonographic  and  other  records.  Her  efforts  have  resulted  in  unique 
contributions  to  knowledge  of  the  esoteric  customs  connected  with  human  sacrifice 
and  other  rites  in  pre-Columbian  times  and  still  surviving  in  emblematic  form.  A 
part  of  the  material  has  been  incorporated  in  a  monograph  on  the  Hako  ritual,  form- 
ing part  of  the  Twenty-second  Annual  Report.  Also  under  a  special  arrangement. 
Dr.  Willis  E.  Everette  sent  in  useful  records  concerning  the  Athapascan  tribes  of 
Alaska. 

During  the  earlier  part  of  the  year  Mr.  O.  P.  Phillips  was  employed  temporarily 
in  making  motion  pictures  representing  the  industries,  amusements,  and  ceremonies 
of  the  Pueblo  and  other  tribes  in  New  Mexico  and  Arizona.  The  object  of  the  work 
was  to  obtain  absolutely  trustworthy  records  of  aboriginal  activities  for  the  use  of 
future  students  as  well  as  for  the  verification  of  current  notes  on  fiducial  dances  and 
other  ceremonies.  Despite  accidents  to  the  apparatus,  the  work  was  fairly  success- 
ful, yielding  about  a  dozen  kinetoscope  ribbons  in  addition  to  about  a  hundred 
excellent  photographs  made  by  Mr.  Phillips  in  connection  with  the  motion  pictures. 
The  apparatus  was  kindly  furnished  in  the  interests  of  science  by  the  Armat  Moving 
Picture  Company,  of  Washington. 
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Office  Reseabch. 

WORK    IX   SriMATOLOGY. 

During  the  later  monthi*  of  the  year  definite  (ttep«  were  taken  toward  iiyi>tematic 
record  and  invei>tigation  of  the  physical  characteristics  of  the  aborigines.  A  nocleus 
was  already  available  in  the  form  of  an  extended  anthropometric  record  made  by 
Dr.  Franz  Boas  among  the  Siouan  Indians  seveial  year?  ago  and  acquired  by  the 
Bureau  in  1H99;  and  it  was  decided  to  prepare  the  matter  for  early  publication,  (Artly 
Ba  a  re<'ord  of  the  physical  characteristics  of  a  typical  group,  partly  as  a  model  for 
future  work.  In  onler  Uy  enhance  the  value  of  the  publication  it  was  arranged  to 
have  Dr.  IVjas  prepare  an  intnxluction  treating  of  somatology*  in  general  terms  and 
to  have  Mr.  De  I^ncey  ^iill,  the  illustrator  of  the  Bureau,  prepare  suitable  illustrative 
material  from  the  photographic  negatives  preserv'ed  in  the  office.  The  memoir  is 
well  advanced,  but  was  not  quite  completed  at  the  close  of  the  year. 

For  some  years  past  x>hot4^igraphy  has  been  employed  in  the  Bureau  in  such  a 
manner  as  to  yield  useful  anthropometric  data.  Thus,  in  dealing  with  the  wilder 
trilies,  who  would  resist  onlinary  physical  measurements  on  fiducial  or  other  grounds, 
the  collaboratorH  have  marie  it  a  point  to  obtain  group  photographs  with  the  figures 
i¥)  placed  as  U*  fiennit  measurement  of  stature  and  other  physical  elements  in  terms 
of  a  known  unit  figure  introduced  for  the  purpose;  and,  similarly,  visiting  Indians 
phot^jgraphed  in  the  Bureau  lalxiratory  have  usually  Ixsen  so  place<l  with  respect  to 
backgroundn  and  other  objects  as  to  permit  physical  measurements  of  sufficient 
accuracry  for  practical  purpofies.  During  the  past  year  special  attention  han  been 
given  to  phot^jgraphing  individuals  in  exact  portrait,  profile,  and  full  face,  with  the 
view  of  fiermitting  the  extension  of  measurement  to  the  facial  angle,  form  of  cranium, 
and  other  anthroj>ometric  elements.  This  was  done  not  only  in  the  office,  but  to 
some  extent  in  the  field,  especially  by  Dr.  Frank  Russell,  who  made  a  large  number 
of  profile  and  full-face  photographs  of  Pima  Indians.  Although  the  system  is  not 
yet  i>erfecte«l,  it  gives  promise  of  excellent  results  as  the  reasearches  in  somatology 
progress. 

Various  collaborators  of  the  Bureau  have  collected  crania  and  other  somatic 
material  in  connection  with  their  field  operations.  For  some  years  tlie  material  was 
preserved  in  the  United  States  Army  Medical  Museum,  but  it  has  now  been  trans- 
ferred to  the  United  States  National  Museum,  where  the  current  collections  of  the 
collalx)rators  are  now  regularly  sent.  In  the  absence  of  specialists  in  somatology 
in  the  Bureau,  portions  of  the  somatic  material  have  been  placed  during  the  last  year 
or  two  in  the  hands  of  experts  not  connected  with  either  Bureau  or  Museum,  for 
special  investigation;  and  it  is  a  pleasure  to  acknowledge  the  service  rendered  to  the 
Bureau  in  this  way  by  Dr.  George  A.  Dorsey,  of  Field  Columbian  Museum,  and 
Dr.  Ales  Hrdlicka,  of  the  American  Museum  of  Natural  History.  A  provisional 
arrangement  has  been  made  for  having  such  work  done  within  the  Bureau  hereafter. 

WORK    IN   PSYCHOLOCJV. 

For  some  years  past  the  Director  lias  given  special  attention  to  the  mental  charac- 
teristics of  the  aborigines;  and  during  recent  months  he  has  formulated  a  working 
system  of  psychology  adapted  to  the  needs  of  ethnologic  students.  In  part,  the 
results  are  embodied  in  a  series  of  synthetic  outlines  of  ethnologic  science  designed 
for  incorporation  in  successive  reports  and  printed  in  somewhat  abbreviated  prelim- 
inary form  in  a  leading  journal  (the  American  Anthropologist)  for  the  purpose  of 
eliciting  suggestions  from  contemporary  ethnologists  in  this  and  other  countries. 
An  abstract  of  the  principles  underlying  this  series,  designed  for  incorporation  in 
the  present  report,  was  printed  in  December,  1901,  under  the  title  '^Classification  of 
the  sciences." 

In  afidition  to  his  duties  as  Ethnologist  in  Charge,  Mr.  W  J  Mciiee  continued  the 
application  of  the  principles  of  psychology  to  the  current  researches.    Two  metho<ls 
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of  psychologic  inquiry  have  heen  successfully  pursued  in  the  past.  While  these  are 
in  some  degree  antithetic,  they  also  measurably  represent  stages  in  the  development 
of  knowledge*  The  first  method  may  be  defined  as  that  of  introspection;  the  second 
as  that  of  experiment.  During  the  past  decade  the  latter  has  attained  great  vogue^ 
and  departments  of  experimental  psychology  have  been  built  up  in  several  univeran 
ties  and  colleges.  The  two  methods,  more  especially  the  latter,  afford  a  foundation 
for  a  third  method,  which  is  alone  available  for  the  study  of  large  groups,  such  as 
races,  nations,  or  entire  peoples.  It  may  be  defined  as  the  method  of  direct  observation 
of  normal  interactions.  In  pursuing  this  method  it  is  assumed,  on  the  basis  of  experi- 
mental {)sychology,  that  physical  acts  are  correlated  with  mental  actions — in  other 
words,  that  human  thought  and  human  action  are  interdependent.  The  recognition 
of  this  simple  principle  removes  the  need  for  a  large  part  of  the  detail  work  involved 
in  experimental  psychology,  for  it  permits  the  interpretation  of  mental  characteristics 
of  individuals  and  groups  from  their  habitual  or  normal  actions  rather  than  from  a 
repetition  of  special  actions  in  a  prearranged  series.  For  this  reason  it  has  not  hith- 
erto been  deemed  necessary  to  introduce  psychometric  work  in  connection  with  the 
ethnologic  researches,  the  observations  on  Indian  habits  and  artifacts  seeming  to  afford 
a  satisfactory  index  to  and  measure  of  the  aboriginal  mind.  In  its  general  aspect 
the  principle  may  be  said  to  have  been  established  early  in  the  history  of  the  Bureau 
through  observations  on  activital  coincidences,  which  have  since  been  formulated 
in  the  comprehensive  law  of  the  Responsivity  of  Mind;  so  generalized,  the  prin- 
ciple may  l>e  regarded  as  the  keynote  of  ethnic  science,  the  Rosetta  stone  whereby 
the  characters  of  all  races  may  be  interpreted.  The  recognition  of  the  princi- 
ple serves  also  to  explain  and  establish  the  sequence  of  stages  in  human  develop- 
ment inferred  from  observations  on  many  peoples  (i.  e.,  from  savagery,  through 
barbarism  and  civilization,  up  to  enlightenment) ,  since  it  shows  that  each  transition 
was  the  product  of  cumulative  experiences,  long  assimilated  and  applied  through 
commonplace  habits  rather  than  through  abstract  reflection — for  in  all  the  lower 
stages  of  human  progress  the  mind  borrows  from  the  hand.  Customarily  the  stages 
of  culture  are  defined  on  the  basis  of  social  organizatio/i,  but  they  may  be  defined 
nearly  as  conveniently  in  terms  of  psychic  development.  So  defined,  primordial 
savagery  is  not  merely  the  stage  in  which  the  law  rests  on  maternal  kinship,  but  that 
of  instinctive  imitation,  in  which  experience  is  perceptive  rather  than  apperceptive, 
while  knowledge  increases  through  accident  rather  than  design.  Similarly,  barba- 
ri.sm  is  not  only  the  stage  of  paternal  kinship  and  patriarchy,  but  that  of  awakening 
apperception  accompanied  by  distrust  and  dread  of  nature,  in  which  knowledge  is 
stimulated  by  notions  of  divination,  with  accompanying  physical  tests  slowly  assimi- 
lated in  conscious  experience.  In  like  manner  civilization  is  not  simply  the  stage  of 
law  based  on  territorial  right,  but  that  of  habitual  discovery,  in  which  new-found 
facts  are  consciously  perceived  and  utilized.  So,  also,  enlightenment  means  more 
than  mere  recognition  of  individual  rights  as  the  basis  of  law;  for  it  is  the  stage  of 
invention  and  of  the  union  of  individuals  for  conquest  over  nature  through  the  exer- 
cise of  definite  prevision  based  on  accumulated  experience.  Defined  in  a  word, 
respectively,  the  four  psychic  stages  are  those  of  (1)  imitation,  (2)  divination,  (3) 
discovery,  and  (4)  invention.  Now,  among  the  applications  of  the  principle  of 
the  interdependence  of  thought  and  action,  none  are  more  important  than  those 
pertaining  to  the  developmental  stages;  for  the  leading  problems  of  the  world  to-day 
ace  connected  with  the  lifting  of  lower  races  and  more  primitive  cultures  to 
the  planes  of  civilization  and  enlightenment.  The  special  applications  are  innu- 
merable, but  they  cluster  about  the  general  facts  (1)  that  in  primitive  culture 
thought  is  engendered  by  action,  (2)  that  in  higher  culture  thought  leads  action 
an<l  (3)  that  hence  the  most  effective  ways  of  raising  lower  peoples  are  those 
of  manual  rather  than  mental  training.     All  systematic  observations  indicate  that 
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in  the  earlier  stages  the  mental  clings  to  the  manual  so  closely  that  the  primitive 
artisan  feels  the  implement  ss  a  part  of  himself  and  commonly  believes  that  a  part 
of  his  personality  goes  out  into  both  tool  and  product;  thus  his  craft  is  a  constant 
stimulus  to  mental  activity  and  prepares  him  for  further  steps  in  the  long  way  lead- 
ing from  the  plane  of  fettering  instinct  to  that  of  free  invention.  When  the  savage 
or  barbarian  is  so  far  educated  that  his  hand  intuitively  moves  knife  or  saw  or  plane 
by  pushing  outward  instead  of  pulling  inward,  his  mind  is  in  the  thini  quarter  of 
the  normal  course  of  development;  but  to  this  position  he  can  be  raised  only  by  the 
oft-repeated  example  and  simple  precept  of  rational  training  applied  to  lower  races. 
The  researches  along  these  lines  are  not  complete;  some  of  the  results  were  incor- 
porated in  a  brief  paper  on  "Primitive  numbers,"  published  in  the  Nineteenth 
Annual  Report;  and  a  preliminary  account  of  certain  results  was  issued  during  the 
year  under  the  title  "  Germe  d'une  Industrie  de  la  Pierre  en  Amerique." 

WORK    IN    E8THETOLOGY. 

Although  Mr.  Mooney  remained  in  the  field  throughout  the  greater  part  of  the 
year,  his  researches  were  such  as  to  yield  material  for  a  prospective  report  on  Indian 
heraldry.  His  investigations  during  several  years  past  have  shown  that  various 
Indian  tribes  possess  heraldic  systems  analogous  in  many  ways  to  those  of  me<liieval 
Europe,  and  that  such  a  system  is  especially  developed  in  the  Kiowa  tribe;  and  his 
work  during  the  year  was  carried  forward  in  this  and  neighboring  tril)es.  The  ways 
in  which  the  system  is  develojied  render  the  study  extremely  diflScult.  The  principal 
heraldic  devices  are  closely  akin  to  totems,  and  are  of  two  types,  one  pertaining  to 
tipis  and  the  other  to  shields.  The  tipis,  with  their  devices,  belong  to  families  or 
clans  in  which  they  are  hereditary.  The  shields,  with  their  emblematic  (or  armorial) 
bearings,  belong  to  typical  aboriginal  groups  or  brotherhoods,  which  arise  in  con- 
nection with  the  bearings  themselves.  Usually  the  devices  are  ** dreamed"  by  a 
shaman  (or,  as  he  conceives  it,  revealed  to  him  in  a  \ision),  the  dream  indicating 
also  the  number  of  shields  that  it  is  permissible  to  make  with  the  particular  l)earing 
of  the  revelation.  In  due  time  the  shields  are  made  in  accordance  with  the  sha- 
man's dream,  and  these  are  adopted  )>y  unattached  warriors  as  special  devices  or 
crests  until  all  are  in  use.  Each  shield  usually  bears  two  devices,  one  on  an  outer 
covering  of  skin  place<l  over  the  shield  proper,  which  may  lie  regarde<i  as  a 
syml)ol  of  the  bearing  within,  and  the  other  or  real  device  on  the  face  of  the  shield 
beneath  the  cover.  The  latter  is  never  revealed  save  in  sacred  ceremony  and  in 
battle,  when  it  is  displayed  as  a  magical  device  for  offense,  as  well  as  defense,  against 
enemies.  Each  of  the  shields  is  eventually  regarded  by  its  bearer,  or  keeper,  as  the 
syml)ol  of  his  s{)einal  tutelary  and  a  sort  of  receptacle  for  his  personal  spirit  of 
warfare.  It  is  prized  and  kept  sacred  during  his  lifetime  (the  purpose  of  the 
cover  being  to  protect  the  sacretl  device  from  sacrilegious  gaze),  and,  unless  sacrificed 
in  his  declining  days  on  the  death  of  a  kinsman,  is  buried  with  his  IxKly — he  enters 
on  the  dark  under-world  path  of  his  faith  with  his  head  pillowe<l  on  the  device 
which  mysteriously  carritni  him  safely  through  many  dangers  in  all  the  days  of  his 
life.  By  reason  of  the  habitual  sacrifice  of  shields  and  the  decline  of  aboriginal  cus- 
toms, few  now  remain,  though  fortunately  many  others  are  preserved  in  memory 
and  tradition.  Moreover,  the  de\n(!es  itin  be  adequately  studied  only  with  the  aid 
of  their  respective  keeiwrs  and  bearers  who  can  be  induced  to  reveal  the  magic,  or 
**  medicine,"  of  the  devici»s,  or — still  better — to  reconstruct  them  in  such  manner  as 
to  permit  the  investigator  to  tra(*e  the  interrelated  meanings  of  the  various  features 
as  they  are  slowly  wrought  in  aivordance  with  archaic  ritual.  The  family  tipis  have 
also  l)econie  rare,  though  nearly  every  family  has  surviving  representatives  acquainted 
with  the  family  crests  and  with  the  ritualistic  and  other  modes  of  constructing  both 
Upis  and  heraldic  devices.  Mr.  Mooney's  method  has  been  to  employ  survivors  of 
both  brotherhoods  and  families  to  reconstruct  their  shields  and  tipis,  respectively, 


BEPORT   OF   THE   SECRETARY.  47 

with  all  the  armorial  bearings  of  the  olden  time,  the  objects  to  be  preserved  in  the 
National  Museum  after  the  study  is  finished.  Naturally  the  task  has  been  a  tedious 
one;  yet  the  progress  has  been  satisfactory.  The  heraldic  systems  of  the  native 
tribes  are  of  much  interest  in  that  they  open  the  way  to  knowledge  of  various  obscure 
customs  of  primitive  peoples  and  also  to  vital  stages  in  cultural  progress.  Thus,  the 
devices  represent  a  peculiar  development  of  totemism;  they  are  closely  related  with 
the  calendric  systems  found  among  the  tribes  of  the  plains;  and  through  these  they 
are  akin  to  the  glyphic  systems  employed  in  the  aboriginal  books  and  sculptures  of 
Mexico  and  Central  America.  Moreover,  since  they  represent  the  transition  from 
prescriptorial  to  scriptorial  culture,  they  are  found  to  throw  much  light  on  the  gene- 
sis of  those  European  systems  of  heraldry  whose  origin  is  lost  in  the  darkness  of  the 
prehistoric.  Finally,  the  heraldry  of  those  tribes  in  which  it  is  best  developed  forms 
a  nucleus  for  the  esthetic  activities  generally;  in  them  artistic  shapement  and  color- 
ing find  their  highest  expression;  in  connection  with  them  the  powers  of  imagina- 
tion and  the  inspiration  of  fiducial  symbolism  attain  their  highest  perfection,  and 
through  them  ritual  and  faith  and  the  intensely  dramatic  ceremonial  warfare  were 
crystallized  and  kept  alive.  To  the  lowly  aborigines  they  were  more  than  the  text 
an<l  picture  and  drama  of  higher  culture.  The  greater  part  of  the  material  for  a 
monograph  on  the  subject  was  brought  together  during  the  year. 

Ethnologists  have  long  realized  that  the  widest  gateway  to  aboriginal  life  is  that 
afforded  by  games  of  chance;  for  primitive  men,  especially  in  that  barbaric  culture  in 
which  divination  is  the  keynote  of  psychic  character,  are  habitual  gamesters,  and  not 
only  devote  much  time  to  gaming,  but  play  openly  and  with  such  infatuation  as  to  afford 
constant  opportunities  to  the  student.  The  lowly  games  of  the  native  Australians, 
New  Zealanders,  and  Polynesians  have  received  much  attention;  those  of  Korea, 
Japan,  and  China,  in  which  the  barbaric  element  of  divination  is  supplemented  by 
skill,  have  been  described  by  eminent  authors;  the  games  of  the  American  aborig- 
ines have  been  studied  not  only  by  collaborators  of  the  Bureau,  but  by  other  able 
ethnologists,  notably  Tylor;  and  the  various  studies  afford  a  foundation  for  systematic 
research.  The  work  was  taken  up  incidentally  by  the  late  Frank  Hamilton  Gush- 
ing, with  the  collaboration  of  Dr.  Stewart  Culin,  of  Philadelphia,  author  of  notable 
treatises  on  Korean  and  other  games.  The  joint  study  was  incomplete  at  the  time 
of  Mr.  Cushing's  death;  subsequently  it  was  carried  forward  independently  by  Dr. 
Culin.  During  the  year  an  arrangement  was  effected  with  Dr.  Culin  under  which 
he  has  nciarly  completed  a  monograph  on  Amerind  games  for  publication  by  the 
Bureau.  In  the  prosecution  of  the  work  he  has  made  several  field  trips,  has  exam- 
ined material  in  all  the  leading  museums  of  the  country,  and  has  prepared  numer- 
ous photographic  and  otiier  illustrations.  The  results  of  the  study  are  of  much 
interest  in  that  they  illustrate  a  curious  commingling  of  the  fiducial  and  fortuitous  in 
the  notions  of  primitive  gamesters.  Actually  the  games  are  played  as  of  chance 
rather  than  skill  (though  considerable  skill  is  eventually  developed);  yet  the  play- 
ing is  essentially  devotional  toward  the  mysterious  potencies  held  to  control  the 
physical  world  and  govern  human  affairs.  Accordingly  the  games  played  for  pas- 
time run  curiously  into  the  most  sacred  ceremonies,  and  the  devices  employed  afford 
a  fruitful  revelation  of  primitive  thought.  By  reason  of  the  wealth  of  material,  the 
monograph  has  become  voluminous.  It  was  not  quite  ready  for  delivery  at  the  end 
of  the  year,  but  is  promised  for  the  first  quarter  of  the  current  year. 

During  the  year  Prof.  W.  H.  Holmes,  now  of  the  United  States  National  Museum, 
completed  the  monograph  on  aboriginal  pottery  of  Eastern  United  States,  of  which 
he  prepared  the  first  draft  while  an  officer  of  the  Bureau.  Although  primarily  tech- 
nologic, it  forms  an  important  addition  to  knowledge  of  aboriginal  esthetics.  As 
repeatedly  notied  in  the  ethnologic  work,  esthetic  motives  invariably  arise  in  sym- 
bolism and  develop  through  a  conventionism  shaped  by  ancillary  or  adventi- 
tious conditions,  including  texture  of  materials,  character  of  tools,  etc.,  as  well  as 
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growing  coneeptuality  and  power  of  imagination.  Now,  no  line  of  esthetic  develop- 
ment is  more  complete  than  that  represented  in  the  decoration  of  fictile  ware,  and 
)he  author  of  this  monograph,  combining  as  he  does  thorough  technical  knowledge  of 
the  potter's  craft  with  high  artistic  skill  and  miique  esthetic  feeling,  has  been  able  to 
trace  in  masterly  fashion  and  to  illustrate  effectively  the  growth  of  fictile  decoration. 
As  a  faithful  description  of  aboriginal  pottery,  the  treatise  will  undoubtedly  become 
a  classic;  yet  it  is  no  less  noteworthy  as  the  most  comprehensive  contribution  thus 
far  made  to  the  history  of  one  of  the  most  important  activities  in  those  stages  of 
culture  in  which  the  shapement  and  decoration  of  pottery  have  ranked  high  among 
the  avocations  of  mankind.  The  monograph  forms  the  body  of  the  Twentieth 
Annual  Report. 

During  the  year  the  series  of  graphic  representations  of  iK.»rsonages  in  the  Ilopi 
pantheon  collected  by  Dr.  Fewkes,  as  mentioned  in  previous  reports,  was  sent  to 
press  as  a  part  of  the  Twenty-first  Annual,  under  the  title  "Hopi  Katcinas."  Dr. 
Fewkes  also  complete<i  the  illustrated  memoir  on  his  unique  collections  of  ix)ttery 
and  other  material  from  Arizona  and  New  Mexico  noted  in  the  last  report.  It  is 
in  press  under  the  title  "Two  summers'  work  in  Pueblo  ruins,"  as  a  part  of  the 
Twenty-second  Annual. 

WORK    IN'  TECHNOLOGY. 

Primarily  Professor  Holmes's  monograph  on  aboriginal  jwttery  of  Eastern  Ignited 
States  is  a  description  of  the  fictile  ware  classified  by  districts,  so  far  as  practicable 
by  tribes,  and  also  by  technologic  types.  The  art  of  the  potter  is  old,  far  older  than 
written  history,  so  that  its  beginnings  can  never  l)e  traced  directly.  The  antique 
and  prehistoric  wares  themselves  yield  a  partial  record  of  the  development  of  the 
art,  and  the  archaeologists  of  the  Old  World  have  been  able  to  supplement  and 
extend  the  written  history  of  pottery  making  through  study  of  such  material,  and 
their  researches  have  lent  interest  to  the  ancient  vessels  and  sherds  with  which  the 
museums  of  the  world  are  enrichwl.  Yet  the  fictile  ware  of  Egypt  and  Babylonia, 
Etruria  and  India,  and  other  Old  World  provinces  falls  far  short  of  telling  the 
whole  story  of  the  art,  since  it  fails  to  reveal  the  actual  motives  and  sentiments  of 
the  early  artisans — the  relics  are  husks  of  the  history  of  pottery  making  without  the 
vital  kernel.  Accordingly  the  archjBologic  studies  in  America  supplement  the  Euro- 
pean researches  in  a  highly  useful  way.  In  the  first  place,  the  period  of  pottery 
making  by  the  Ameri(^an  aborigines  was  comparatively  short,  so  that  the  prehistoric 
and  the  historic  are  closely  related;  and,  in  the  second  place,  the  several  living  tril>es 
within  reach  of  current  observation  represent  various  stages  in  the  development  of 
the  art,  so  that  opportunities  exist  in  America  for  studying  the  motives  and  senti- 
ments of  the  artisans  engaged  in  all  of  the  earlier  developmental  stages  of  the  art. 
In  general,  the  craft  of  the  potter  may  be  said  to  arise  in  the  social  stage  of  savagery 
or  the  psychic  stage  of  imitation,  with  its  tedious  growth  through  accidental  improve- 
ment; in  general,  t<x),  the  art  may  Ije  said  to  expand  and  differentiate  in  the  suc- 
ceeding barbaric  stage  with  the  attendant  divinatory  concepts  as  motives;  and  it  is 
this  stage,  with  its  protean  forms,  textures,  decorative  devices,  and  modes  of  man- 
ufacture, which  has  been  found  peculiarly  inscrutable  by  students  of  the  pnMlucts 
alone.  Now,  it  is  precisely  this  stage  which  is  represented  by  most  of  the  American 
alx)riginal  ware,  lK)th  prehistoric  and  historic,  and  by  the  surviving  tril)es.  Accord- 
ingly Professor  Holmes's  desi-ription  of  the  American  wan»,  with  his  critical  analysis 
of  types  and  interpretation  of  motives,  would  seem  to  afford  not  merely  a  suppU»- 
ment  to,  but  a  sound  foundation  for,  the  history  of  the  potter's  art.  The  mono- 
graph, which  forms  the  Ixxly  of  the  Twentieth  Annual  Report,  erabra<"es  faithful 
representations  of  some  250  typical  specimens. 

Of  the  two  special  investigations  concerning  aboriginal  industries  imdertaken  during 
the  year,  that  by  Dr.  Fewkes  in  Porto  Rico  would  seem  to  be  of  the  more  general 
interest.    While  his  trip  to  the  Antilles  was  designed  as  a  recoanoiasaace  of  Porto 
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Rico,  Haiti,  and  the  islands  immediately  adjacent,  he  was  prevented,  partly  by  the 
volcanic  disturbances  of  early  May,  from  extending  observations  beyond  the  first- 
named  island;  yet  this  failure  of  plan  resulted  beneficially  rather  than  otherwise, 
since  it  enabled  him  to  make  a  more  definite  ethnologic  and  archaeologic  survey  of 
Porto  Rico  than  was  at  first  contemplated.  Among  the  surviving  types  of  aboriginal 
handicraft  to  which  he  gave  special  attention  were  those  connected  with  habitations. 
In  all  ports  of  the  American  hemisphere  the  prevailing  house  type  is  in  some  measure 
a  composite,  or  blend,  of  the  indigenous  and  the  imported;  and  while  in  most  dis- 
tricts the  imported  motives  are  so  far  predominant  that  the  indigenous  elements  are 
hardly  traceable,  there  are  other  districts,  especially  in  tropical,  subtropical,  and  arid 
regions,  in  which  the  aboriginal  types  are  of  such  excellence  that  many  elements 
have  been  retained  with  advantage  by  Caucasian  settlers.  This  is  especially  true  in 
the  Antilles,  where  natural  conditions  of  climate,  water,  and  available  material  have 
led  to  light  and  inexpensive  types  of  construction  by  which  European  settlers  have 
been  glad  to  profit.  The  types  are  somewhat  analogous  to  those  which  have  been 
better  developed  in  the  Orient,  especially  in  Japan,  and  which  are  frequently  com- 
mended to  the  attention  of  occidental  builders  and  householders.  When  it  is  remem- 
bered that  the  prevailing  Anglo-Saxon  types  are  at  once  adapted  to  the  rigorous 
climate  of  northwestern  Europe  and  adaptations  of  materials  developed  in  the  north- 
em  temperate  zone,  it  becomes  evidient  that  they  are  not  well  suited  to  our  southern 
temperate  zone,  and  especially  to  our  tropical  and  subtropical  possessions.  Then, 
when  it  is  remembered  that  the  indigenous  types,  e.  g. ,  of  Porto  Rico,  are  specifically 
adapted  to  the  local  climate  and  adaptations  of  local  materials,  it  would  seem  clear  that 
architectural  motives  derived  from  them  ought  to  be  even  more  useful  than  any  bor- 
rowed from  Japan.  These . considerations  have  influenced,  the  researches  in  Porto 
Rico,  and  they  are  in  part  the  motive  of  the  special  report  on  Porto  Rico  prepared  by 
Dr.  Fewkes.  Other  motives  have  grown  out  of  the  native  food  sources  which  have 
been  found  useful  by  generations  of  European  settlers,  and  out  of  those  aboriginal 
modes  of  food  preparation  which  are  of  such  excellence  as  still  to  survive.  It  would 
appear  from  the  observations  that  several  native  foods  are  worthy  of  attention  and 
cultivation  by  settlers  from  the  United  States,  and  that  some  of  the  indigenous  modes 
of  preparing  food  might  well  receive  careful  study  with  a  view  to  maintaining  the 
excellence  of  the  preparations  when  more  advanced  modes  of  handling,  milling,  pre- 
serving, and  transporting  are  introduced.  The  details  of  Dr.  Fewkes' s  investigations 
are  incorporated  in  a  memoir  designated  for  early  publication  in  the  form  of  a  bul- 
letin. The  industrial  data  are  supplemented  by  bibliographic  and  other  material, 
which  will  render  the  report  a  manual  of  Porto  Rican  ethnology  and  archaeology. 

The  special  investigation  undertaken  by  Dr.  Russell  among  the  Pima  Indians 
covered  aboriginal  industries  developed  in  and  adapted  to  the  arid  region.  Here, 
as  in  Porto  Rico,  local  types  of  habitation  have  resulted  from  the  climatic  and  other 
local  conditions.  The  primal  house  type  is  a  small  circular  structure  of  canes  or 
reeds,  roofed  with  earth,  the  whole  supported  by  an  inner  framework  of  poles.  This 
type  is  differentiated  according  to  available  materials,  the  grass  house  and  the  house 
of  cactus  (okatilla  stems  or  saguaro  ribs)  being  closely  related  derivative  forms.  It  is 
differentiated  also  by  arrangement  of  material,  as  when  the  canes  or  cactus  staves 
are  wattled  with  reeds  or  withes,  and  the  house  tends  to  become  square  in  plan  with 
vertical  walls  eventually  beplastered  by  the  washing  of  mud  from  the  roof  and  by 
the  throwing  up  of  embankments  as  wind-breaks  below.  Under  the  imitative 
instinct  of  savagery  the  wattled  walls  are  coated  with  a  mortar  of  mud,  which  is 
magically  ''hardened"  by  the  embedment  of  pebbles  and  larger  stones;  and  this 
may  be  deemed  the  secondary  type  of  aboriginal  architecture  in  southwestern  United 
States  and  northern  Mexico.  From  it  develops  under  favorable  conditions  a  third 
type — ^i.  e.,  that  of  rubble  masonry  set  in  mortar  of  mud  or  even  laid  dry;  but  where 
building  stone  is  lacking,  the  pebble-set  wattle  structure  grows  mto  a  distinctive 
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architectare  of  which  the  hasis  is  the  paddled  wall,  or  pise,  called  by  Spanish  settlers 
"cajon,"  the  fourth  house  type  of  the  arid  region.  Aboriginally,  the  earth  used  in 
the  structure  was  doubtless  tamped  between  wattled  walls,  at  first  permanent  and 
afterwards  temporary;  certainly  during  later  times  the  earth  was  built  up  in  succes- 
sive ledges  between  movable  screens  of  wattling  so  placed  and  braced  as  to  form  a 
temporary  trough  for  each  ledge.  The  cajon  structure  was  durable,  and  was  suscep- 
tible of  development  into  communal  houses  of  many  rooms  and  several  stories.  As 
in  the  primal  type,  the  roof  remained  of  earth  laid  on  shrubbery  supported  by  a 
sheathing  of  canes  or  cactus  staves  and  rafters  of  cedar  poles;  on  one-story  houses  it 
was  a  place  of  temporary  resort  for  the  occupants,  an<l  with  the  gradual  evolution  of 
parapets  and  the  growth  of  these  into  higher  stories  the  roofs  became  upper  floors. 
Subsequently  (probably  after  the  Caucasian  invasion)  earthen  bricks  laid  in  mud 
mortar  were  substituted,  and  this  type  of  construction,  known  as  adobe,  was  generally 
adopted;  and  in  the  better  buildings,  both  of  cajon  and  adobe,  the  walls  were  coated 
with  a  thin  plaster  or  slip  fixed  by  some  form  of  soda  or  other  earthy  salt.  Now,  the 
aboriginal  cajon  house  type  is  admirably  adapted  to  the  present  needs  of  the  arid 
region  and  is  well  worthy  of  consideration  by  Caucasian  settlers.  Properly  con- 
structed, cajon  walls  are  much  superior  to  adobe  in  homogeneity  and  strength,  though 
somewhat  more  expensive  in  labor.  Their  durability  is  sufficiently  attested  by  Casa 
Grande  in  the  Gila  Valley,  which  was  a  ruin  of  immemorial  antiquity  when  discov- 
ered by  Padre  Kino  in  1694,  and  which  is  still  standing  despite  vandalism  as  well  as 
natural  weathering.  Moreover,  the  cajon  is  readily  susceptible  of  improvement  by 
the  addition  of  lime  or  cement  to  the  material  in  any  desired  quantity  and  by  substi- 
tuting a  plaster  of  lime  or  cement  for  the  simple  slip.  So  improved,  the  native  con- 
struction would  seem  better  adapted  to  the  conditions  and  requirements  of  habita- 
tions in  the  arid  region  than  any  imported  models.  The  cost  would  be  only  that  of 
the  lime  and  the  handling  of  materials,  while  wood,  burned  brick,  and  even  stone 
are  highly  expensive.  The  thick  walls  would  effectively  equalize  interior  tem{)er- 
atores  despite  the  enormous  diurnal  range,  which  is  the  most  serious  obstacle  to 
residence  in  arid  districts;  and  the  general  massiveness  would  lend  itself  to  distinc- 
tive and  desirable  architectural  effects.  Dr.  Russell's  researches  extended  also  to  the 
lighter  and  more  composite  tyiM»  of  construction  surviving  among  the  Pima  and 
neighboring  Indians,  as  well  as  lo  the  attendant  industries  and  food  sourcet*.  Among 
the  latter  the  fruit  of  the  cactus  figures  prominently,  not  only  m  modem  customs 
but  in  tradition  and  ceremonies,  attesting  the  still  more  important  place  which  the 
fruit  and  its  products  occupied  in  the  lives  of  past  generations.  Dr.  Russeirs  mats> 
rial  has  been  so  divided  as  to  yield  a  special  memoir  on  technology,  designeci  for 
early  publication  in  bulletin  form,  and  a  general  monograph  on  the  social  oi^ganiza- 
tion,  mythology,  and  esthetology  of  the  Pima  tribe  and  on  the  antiquities  of  their 
habitat. 

During  the  year  Dr.  Albert  £.  Jenks  revised  the  proofs  of  his  memoir  on  '*\Vil<i 
rice  gatherers  of  the  upper  lakes,"  forming  part  of  the  Nineteenth  Annual  Report. 
This  treatise  is  deemed  especially  valuable  in  that  it  calls  attention  to  a  widespread 
food  source  laiigely  used  by  the  aborigines  and  giving  promise  of  great  utility  to  our 
citizens  whenever  the  requisite  attention  is  given  to  cultivation,  milling,  and  prepa- 
ration. In  food  value  the  wild  rice  ranks  high  among  cereals,  and  its  natural 
habitat  is  such  that  by  its  means  otherwise  useless  swamp  lands  may  be  utilized  and 
rec^laimed,  while  it  can  not  be  doubted  that  w^ith  judicious  cultivation  it  might  be 
adapted  to  an  ever-widening  range  of  soil  conditions.  Later  in  the  year  Dr.  Jenkf* 
resumed  his  researches  concerning  the  birch-bark  industries  of  our  northern 
aborigines.  As  noted  in  the  last  report,  one  aspect  of  the  industries  clustering  about 
the  birch  tree  is  of  prime  significance  to  ethnologists  in  that  the  birch-bark  canoe 
was  the  most  effective  agency  of  distribution  of  tribes  and  culture  during  early  times; 
yet  it  is  well  worth  noting  that  the  interet^t  is  a  living  one,  since  the  bark  canoe 
remains  a  most  effective  device  for  transportation  among  white  men  as  well  as  red. 
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indeed,  its  use  by  white  tourists,  fishermen,  hunters,  etc.,  is  apparently  increasing  in 
northern  United  States  and  Canada.  Various  other  birch-bark  artifacts  are  in  use 
among  whites  as  well  as  natives.  The  half  conventional,  half  symbolic  makok,  or 
maple-sugar  box,  proves  to  form  a  convenient  household  utensil;  birch-bark  baskets 
of  different  forms  are  found  useful  as  well  as  artistic;  and  on  the  whole  it  would 
appear  that  the  birch-bark  industry  is  not  only  increasing  in  consequence  of  demands 
by  whites,  but  that  it  serves  as  a  helpful  stepping-stone  from  the  primitive  customs 
of  the  Indian  toward  the  free  and  self-supporting  citizenship  which  is  the  Indian's 
ultimate  goal.  Exigencies  connected  with  the  editorial  work  of  the  office  compelled 
Dr.  Jenks  to  divert  a  part  of  his  time  from  the  research.  Accordingly,  the  work  was 
not  quite  completed  at  the  end  of  the  fiscal  year,  when  Dr.  Jenks  was,  at  the  request 
of  the  Director  of  the  Philippine  Bureau  of  Nonchristian  Tribes,  furloughed  for  a 
year,  with  a  view  to  the  more  effective  introduction  of  the  methods  of  the  Bureau  of 
American  Ethnology  in  the  Philippine  researches. 

For  several  years  Mr.  J.  D.  McGuire  has  been  engaged  in  investigating  certain 
lines  of  aboriginal  technology,  and  certain  of  his  results  have  been  published  in  the 
reports  of  the  United  States  National  Museum.  During  the  last  fiscal  year  he  began, 
at  the  instance  of  the  Director,  a  critical  study  of  the  earliest  records  of  aboriginal 
technology  made  by  the  Conquistadores,  missionaries,  and  other  pioneers.  During 
the  year  just  closed  he  continued  the  work  and  has  made  a  series  of  extracts  from 
the  records  which  have  proved  of  great  use  to  the  Director  and  the  collaborators 
engaged  in  field  researches.  The  extracts  are  arranged  on  cards,  and  certain  install- 
ments of  these  have  been  acquired  for  the  use  of  the  Bureau. 

WORK   IN  SOCIOLOGY. 

Throughoat  most  of  the  year  the  time  of  the  Ethnologist  in  Charge  has  been  so 
fully  occupied  with  administrative  work,  largely  relating  to  publication  of  the  reports, 
as  to  somewhat  delay  his  sociologic  inquiries;  yet  fair  progress  has  been  made.  One  of 
the  special  inquirirs  of  the  year  relates  to  what  may  be  called,  by  extension  of  common 
tenns,  aboriginal  land  tenure,  this  investigation  being  rendered  timely  by  current 
progress  in  the  allotment  of  lands  in  severalty  to  former  tribesmen,  as  well  as  by  recent 
occupancy  of  territory  formerly  inhabited  by  native  tribes  in  Alaska,  Hawaii,  and  the 
Philippines.  The  researches  indicate  that  primitive  peoples  have  no  conception  of 
land  tenure  in  the  sense  in  which  the  terms  are  employed  by  civilized  and  enlightened 
peoples.  In  the  first  place,  there  is  no  recognition  of  individual  title  to  lands  or 
other  natural  values,  for  any  such  values  are  regarded  as  pertaining  to  the  clan,  the 
gens,  or  the  tribe,  i.  e. ,  possession  is  communal  rather  than  individual.  In  the  second 
place,  the  property  sense  is  especially  inchoate  as  applied  to  lands,  which  are  viewed 
as  natural  ranges  for  men  and  animals,  i.  e.,  for  local  tribes  and  local  fauna;  and 
there  is  no  recognition  of  ownership  or  title  inimical  to  the  natural  and  coordinate 
rights  of  other  men  and  beasts.  True,  there  is  among  most  tribes  a  vague  sense  of 
prescriptive  right  to  long  occupied  territory,  i.  e.,  to  the  home  of  the  ancients  who 
play  so  prominent  a  r61e  in  primitive  philosophy,  so  that  commonly  a  tribe  feels  it  a 
right  and  a  filial  duty  to  protect  the  home  range  against  permanent  invasion  by  aliens; 
yet  the  vague  right  so  recognized  scarcely  applies  to  the  land  per  se,  but  only  to  the 
rights  of  the  chase,  fisheries,  fruits,  and  any  cultivated  products,  personal  habita- 
tions, quarries  or  clay  pits,  etc.,  i.  e.,  to  what  may  be  called  the  usufruct  of  the  soil. 
In  other  words,  the  attitude  of  the  savage  or  barbarian  toward  property  in  land  is 
much  like  that  of  American  citizens  during  the  last  century  toward  property  in  water, 
i.  e.,  in  the  rains,  rivers,  lakes,  seas,  artesian  water,  ordinary  ground  water,  et  al., 
during  recent  decades  the  idea  of  property  in  water  has  grown  up  in  the  less  humid 
districts  and  is  rapidly  extending,  yet  the  development  of  the  concept  is  slow,  even 
in  the  minds  of  the  most  intelligent  people.    Perhaps  a  closer  parallel  may  be  found 
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in  air  as  viewed  by  enlightened  peoples,  for  the  air  is  reganied  as  essentially  com- 
mon to  all  living  and  breathing  things,  and  its  use  as  an  inherent  right  far  tran- 
scending conventional  titles  to  personal  or  communal  property.  There  are,  indeed, 
certain  germs  of  commnnal  property  right  in  air,  manifested  in  the  occasional  actions 
of  neigh  borhoo<ls  looking  to  the  abatement  of  certain  nuisances,  yet  the  claims  put  forth 
in  mch  actions  relate  rather  to  the  free  and  common  use — or  to  usufruct — of  the  air 
than  to  its  possesnion  as  property,  so  that  our  attitude  toward  air  is  closely  analogous 
to  that  of  primitive  folk  toward  land.  The  results  of  the  inquiries  find  ready  appli- 
cation in  connection  with  various  public  questions.  One  of  the  conclusions  is  that 
primitive  folk  can  not  l)e  at  once  transferre<l  from  the  plane  of  collective  interest  in 
the  usufruct  of  the  soil  to  that  of  individual  land  tenure,  any  more  than  the  farmer 
of  the  Atlantic  seaboard  could  l>e  brought  in  a  day  to  full  understanding  of  irrigation 
water  rights,  with  all  the  c*om plications  of  dams,  sluices,  main  ditches,  gates,  etc. — 
indeed,  the  education  of  the  citizen  farmers  who  have  gone  West  and  grown  up  with 
irrigation  was  much  more  rapid  than  could  l>e  expected  of  the  slower-minded  tribes- 
men. Accordingly,  it  would  clearly  be  a  mistake  to  transfer  tribesmen  directly  from 
the  range  to  the  severalty  holding;  there  should  be  (as  indeed  experience  has 
shown  in  dealing  with  the  Indians)  an  intermediate  ))eriod  of  proprietary  training 
on  collective  reservations.  The  researches  indicate  that  this  jieriod  should  cover  at 
least  a  generation;  in  most  cases  two  generations  would  l)e  required  for  the  devel- 
opment of  that  sentiment  of  thrift  and  feeling  of  independence  required  for  success- 
ful citizenship.  Some  of  the  results  of  the  year's  work  liave  been  made  public  in 
scientific  papers  and  addresses,  and  progress  has  Ix'en  made  in  arranging  the  material 
for  formal  issue  in  reports. 

In  connection  with  his  linguistic  researches  in  British  Columbia,  Dr.  John  R. 
Swanton  collected  definite  information  concerning  the  kinship  terms  and  other  fac- 
tors in  the  social  organization  of  the  Haida  Indians,  and  toward  the  close  of  the  year 
he  made  progress  in  arranging  the  data  for  publication. 

WORK    IN   l»IIIIX>LOGY. 

Dnring  the  earlier  part  of  the  fiscal  year  the  i)irector  continue<l  the  arrangement 
of  Mexican  and  Central  American  linguistic  material  with  a  view  to  the  classification 
of  the  aborigines  of  the  southern  portion  of  North  America  on  a  linguistic  basis.  As 
during  the  preceding  year,  Dr.  Cyrus  Thomas  collaborated  in  the  work.  The  com- 
pletion of  the  task  was  delayed  by  the  illness  of  the  Director  dnring  the  later 
months  of  the  year. 

At  the  opening  of  the  year  Prof.  Franz  Boas,  of  Columbia  University,  was  given 
an  honorary  appointment  as  philologist,  and  was  intrusted  with  the  supervision  of 
a  considerable  part  of  the  linguistic  researches  in  which  the  Bureau  is  engaged. 
One  of  the  objects  of  the  appointment  was  that  of  obtaining  a  unifonn  series 
of  outlines  of  Indian  languages  to  be  published  in  synoptic  form  for  use  in 
comparative  studies  by  the  philologists  of  the  world.  The  work  requires  exten- 
sive preparation  because  of  the  wide  range  and  considerable  volume  of  the  mate- 
rial both  in  hand  and  required.  At  the  time  of  discovery  there  were  in  North 
America  somewhere  between  one  and  two  thousand  tribal  dialects  or  languages 
belonging  to  about  a  hundred  linguistic  stocks  or  families,  so  that  the  scope 
of  the  work  is  so  broad  that  it  may  not  be  accomplished  except  by  the  cooper- 
ation of  many  specialists  devoted  to  particular  groups  of  languages.  Under  exists 
ing  conditions  it  seems  inexpedient  to  attempt  covering  the  ground  through  the 
Bureau  alone;  and  the  plan  of  the  work  intrusted  to  Dr.  Boas  is  to  enlist  the 
cooperation  of  other  institutions  and  other  linguistic  specialists.  During  the  past 
year  the  work  was  organized  in  cooperation  with  the  American  Museum  of  Natural 
History,  Columbia  University,  Harvard  University,  and  the  University  of  California. 
The  collaborators  included  Dr.  John  R.  Swanton,  of  the  Bureau;   Mr.  H.  H.  St. 
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Clair,  2d,  of  the  American  Museum;  Mr.  William  Jones,  on  behalf  of  Ck>lumbia 
University;  Dr.  Roland  B.  Dixon,  of  Harvard,  and  Dr.  A.  L.  Kroeber,  under  the 
auspices  of  the  University  of  California.  Dr.  Swanton's  work  comprised  the  tran- 
scription of  a  voluminous  series  of  Haida  texts;  he  also  completed  a  synopsis  of 
the  Haida  language  for  incorporation  in  the  general  series.  Mr.  St.  Clair  devoted  a 
part  of  the  year  to  work  on  a  dictionary  and  grammar  of  the  Chinook  language, 
and  in  addition  made  a  critical  study  of  Shoshone  linguistic  material  in  the  archives 
of  the  Bureau  and  of  the  American  Museum.  Mr.  Jones  made  good  progress  in 
analyzing  the  grammar  of  the  Sauk  and  Muskwaki  dialects,  nearly  completing  a  list 
of  suffixes  and  prefixes;  he  also  made  good  progress  in  arranging  for  publication  a 
series  of  Muskwaki  texts  collected  during  the  preceding  fiscal  year.  Dr.  Dixon 
prepared  a  grammar  and  vocabulary  of  the  Maidu  language,  while  Dr.  Kroeber 
collected  and  arranged  both  lexic  and  grammatic  material  representing  several 
other  California  tribes.  Partly  through  the  inspiration  of  hearty  approval  from 
scientists  and  scholars  both  at  home  and  abroad,  Dr.  Boas  and  his  collaborators 
have  taken  up  the  work  with  zeal  and  enthusiasm.  Dr.  Boas  observes:  ''Linguistic 
work  in  many  parts  of  North  America  is  exceedingly  utgent  on  account  of  the 
rapid  disappearance  of  the  native  languages,  and  the  means  at  our  disposal  for  this 
work  are  insufficient; ''  yet  it  is  a  gratification  to  report  that  the  interest  of  the 
collaborators  who  have  worked  gratuitously  or  for  only  nominal  compensation  has 
resulted  in  a  lai^ge  volume  of  invaluable  material  at  trifiing  cost  to  the  Bureau.  It 
is  a  pleasure  to  acknowledge  the  generous  contributions  of  Dr.  Boas  and  the  other 
collaborators  named. 

During  the  year  Dr.  Boas  completed  the  proof  revision  of  his  memoir  entitled 
"Kathlamet  Texts,"  and  it  has  been  published  as  a  bulletin.  He  also  completed 
the  manuscript  for  a  similar  memoir  entitled  ''Tsimshian  Text,"  and  it  was  trans- 
mitted for  publication  on  January  29,  1902. 

Dr.  Albert  S.  Gatschet  carried  forward  to  substantial  completion  his  vocabulary 
and  grammar  of  the  Peoria  language,  and  also  continue,  d  the  arrangement  of  material 
for  the  comparative  Algonquian  vocabulary.  In  addition  he  devoted  some  time  to 
special  researches  required  for  answering  some  of  the  numerous  requests  for  informa- 
tion concerning  Indian  terms  and  phrases  constantly  received  from  correspondents. 

Mr.  J.  N.  B.  Hewitt  devoted  the  greater  part  of  the  year  to  his  monograph  on 
Iroquois  Creation  Myths,  mentioned  in  previous  reports;  three  of  the  five  sections 
were  sent  to  press  during  the  year  as  a  part  of  the  Twenty-first  Annual  Report. 
Toward  the  close  of  the  year  he  took  up  the  general  discussion  of  principles  noted 
in  another  paragraph;  and  as  a  part  of  the  current  work,  he  continued  the  extrac- 
tion and  arrangement  of  Iroquoian  linguistic  material  in  a  form  suitable  for  refer- 
ence and  eventually  for  publication.  Throughout  the  year  a  considerable  part  of 
Mr.  Hewitt's  time  was  occupied  in  the  researches  required  for  answering  technical 
inquiries  from  correspondents — a  duty  which  seems  unavoidable,  although  its  per- 
formance retards  progress  in  systematic  researches. 

Miss  Jessie  £.  Thomas  continued  the  transcription  of  the  manuscript  Diccionario 
de  Motul,  while  Sefior  Andomaro  Molina,  of  Merida,  Yucatan,  matle  good  progress 
in  the  translation  of  the  Maya  and  Spanish  terms  into  English,  with  a  view  to  the 
issue  of  this  extensive  vocabulary  in  a  form  appropriate  to  the  publications  of  the 
Bureau.  In  view  of  the  prospective  value  of  this  work  to  future  students,  it  would 
seem  important  that  the  final  translation  should  be  based  on  thorough  and  critical 
knowledge  of  the  Maya,  Spanish,  and  English  languages;  and  in  view  of  this  desira- 
bility, in  connection  with  the  fact  that  Sefior  Molina  is  a  volunteer  collaborator  resi- 
dent in  another  country,  it  is  deemed  proper  to  insert  the  following  voluntary 
expression  from  the  United  States  consul  at  Progreso,  Yucatan,  Hon.  Edward  H. 
Thompson,  himself  a  critical  student  of  the  antiquities,  history,  and  languages 
of  Yucatan:   "To  my  mind,  in  the  work  of  Lie.  Andomaro  Molina,  the  Bureau 
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has  done  the  beet  work  of  the  year  and  has  done  it  in  the  beet  poeeible  way.  It 
has  arranged  to  ^ve  to  light  and  study  a  mach-needed  work,  and  it  hap  put  it  in 
the  very  hands  best  fitted  to  do  it.  I  am,  perhaps,  competent  t^i  speak  upon  this 
subject,  and  I  am  willing  to  place  on  record  my  l)elief  that  no  living  man  can  do  this 
work  intrusted  to  him  so  well  as  Mr.  Molina.  The  work  that  he  is  doing  can  not 
be  done  by  a  foreigner.  I  am,  perhaps,  as  well  informed  upon  the  native  Maya, 
their  habits,  customs,  etc.,  as  any  living  foreigner,  and,  it  may  be,  better  than  any 
other.  I  know  enough  to  know  that  I  could  not  do  the  work  as  it  should  be  done. 
This  task  should  only  be  undertaken  by  one  who  has  been  brought  up  on  milk  from 
a  native  breast,  whose  first  words  were  in  Maya,  an<i  whose  thoughts  come  easier  to 
him  when  clothed  in  the  Maya  form  than  when  in  classic  Castillian  or  downright 
Anglo-Haxon.  Such  a  man  is  Molina.  To  the  instincts  and  the  education  of  a 
K'holar  he  adds  the  subtile  understanding  of  the  native  and  as  perfect  command  of 
the  ancient  language,  the  Maya,  as  any  man  can  have  at  this  day." 

The  final  proofs  of  the  Natick  Dictionary,  compiled  by  the  late  James  Hammond 
Trumbull,  were  revised  during  the  year,  and  the  greater  part  of  the  sheets  have 
iK'en  printed. 

In  addition  to  his  work  on  the  Mexican  and  Central  American  linguistic  records, 
in  immeiliate  collaboration  with  the  Director,  Dr.  Cyrus  Thomas  continued  his  inves- 
tigation of  aboriginal  re<x>rds  in  the  form  of  codices,  sculptures,  etc.  His  work  was 
productive,  yielding  among  other  results  a  memoir  entitled  Quirigua  Calendar  Sys- 
tems, which  was  sent  to  press  as  a  part  of  the  Twenty-second  Annual  Report. 

Progress  was  made  also  in  preparing  for  the  press  the  translations  made  by  Mr. 
Charles  P.  Bowditch  of  certain  scattere<l  yet  nf)teworthy  contributions  to  knowledge 
cmceniing  the calendric  and  other  records  of  Mexico  and  Central  America,  and  it  is 
a  pleasure  to  acknowledge  the  generosity  of  the  translator  in  contributing  the  mate- 
rial  and  furthering  the  work  of  its  preparation  in  every  practicable  way.  Toward 
the  end  of  the  fiscal  year  Mr.  Klbert  J.  Benton  was  temporarily  employed  to  edit  the 
materia]  and  arrange  the  illustrations  for  publication  in  the  Twenty-fourth  Annual 
Report;  this  work  was  well  advance<l  at  the  close  of  the  year. 

WORK    IN   SOPBIOLOGY. 

About  the  end  of  May  Miss  Alice  C.  Fletcher  completed  her  monograph  on  the 
Pawnee  Indians  under  the  title  *'  Hako;  A  Pawnee  Ceremony."  In  many  respects  a 
typical  tribe  of  the  plains,  the  Pawnee  Indians  were  in  some  ix>intB  the  most  remark- 
ably developed  of  the  prairie  tribes.  Like  other  ngorous  alioriginal  groups,  they 
were  comfxisite;  an  im()ortant  constituent  (later  known  as  the  Skidi  band)  was  from 
the  woo<le<l  hills  and  broad  liottoin  lands  of  the  Arkansas  countr}%  where  they  or 
their  ancestry  develcjped  a  woodland  culture,  and  doubtless  performed  a  share  in  the 
erection  of  the  imposing  mounds  of  the  Lower  Mississippi  region;  other  trilial  (X)n- 
stitueuts  represente<l  prairie  provinces;  and  there  arc  strong  suggestions  in  the 
rich  tribal  mythology  that  at  least  a  cultural  constituent  was  alieorbed  from  the 
highly  religious  sedentary  )>eoples  of  the  S«)uth western  puebloa.  Then  the  com- 
IKisite  trilK'  lived  long  (as  atti^sted  by  their  traditions  as  well  &<  their  customs)  in  the 
prairie  region,  which  they  share<l  with  the  buffalo;  and,  in  even  greater  dejo^ee  than 
the  Kiouan  triljes  farther  northward,  they  adjusted  themselves  to  this  natural 
H|M>il  H4J  that  the  buffalo  liei^ame  the  furnisher  of  their  foo<1,  the  soun*e  of  their 
raiiiteitt,  the  giver  of  material  for  their  habitations,  the  guide  of  their  migra- 
tionn,  the  goal  of  their  handicraft  and  hunt uig  tactics,  and,  finally,  one  of  the  fore- 
iJioHt  tttjtong  their  deitied  tutelaries.  Accordingly  the  fiducial  ceremonies  of  the 
tri)>e  cotnbiiie  the  intensity  of  lood  veneration  for  a  few  leading  tutelaries  with  a 
wealth  of  imagery  and  ritual  derived  from  other  districts  and  peoples,  and  all 
vivifieil  by  the  coiiunoii  uni«in  and  int4*raction.  During  earlier  dAvs  the  rituals  were 
stf>  fur  ('Hoti^ric  us  generally  t4i  eticaiH*  the  noticv  of  ethnologists  as  well  as  casual  \isit- 
'i)g  recent  years  a  fcH  students,  notably  Miiu  Fletcher,  have  been  per- 
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mitted  to  enter  the  arcana  and  witness  the  sacred  ceremonies,  and  even  to  examine 
and  obtain  interpretations  of  the  magic  ''bundles"  which  serve  as  the  tangible  basis 
of  the  rituals.  All  of  these  rituals  are  impressive;  some,  Uke  the  Hako,  are  of 
remarkable  richness,  not  only  in  gesture  and  measured  movement,  but  in  the  poetic 
imagery  expressed  in  word  and  music  and  pantomime.  Miss  Fletcher's  record 
appears  to  be  perfect,  and  she  has  analyzed  with  acumen  the  rhythm  and  melody 
of  the  chants,  the  symbolic  harmony  of  the  accompanying  pantomime,  and  the 
meaning  expressed  in  the  intricate  figures  of  the  dance  and  movements  of  the  march 
forming  essential  features  of  the  ceremony.  From  Miss  Fletcher's  rendition  and 
interpretations  it  would  seem  that  these  elaborate  rituals  open  a  vista  looking  directly 
on  the  beginnings  of  song,  dance,  drama,  poesy — certainly  they  are  a  revelation  to 
students  of  the  highest  phases  of  human  culture  as  well  as  to  the  investigator  of 
primitive  customs.  The  memoir  is  in  press  as  a  part  of  the  Twenty-second  Annual 
Report 

In  connection  with  his  comparative  study  of  Indian  creation  myths,  Mr.  Hewitt 
has  been  led  to  analyze  certain  fundamental  features  of  primitive  philosophy,  espe- 
cially those  forming  the  basis  of  iotemism,  shamanism,  etc.  It  is  well  known  that  in 
the  different  Indian  languages  there  are  terms  difficult  of  translation  into  modem 
tongues  which  are  of  deep  meaning  to  their  users,  e.  g.,  Tnanido,  or  manttou,  among 
the  Algonquian  tribes,  wdkan^  or  wakandaj  among  the  Siouan  tribes — terms  covering 
a  larger  proportion  and  wider  variety  of  the  thought  of  primitive  men  than  any 
single  term  covers  in  higher  culture.  Among  the  Iroquoian  Indians  the  correspond- 
ing term  is  orenda,  which  may  be  translated  ''  mysterious  power  for  good  and  evil," 
"powers  of  magic,"  or,  more  briefly,  ** magic  potency."  Mr.  Hewitt's  analysis  was 
announced  in  a  preliminary  paper,  and  has  already  proved  serviceable  to  ethnologii^ts 
in  this  and  other  countries;  and  it  seems  probable  that  the  Iroquois  term  will  come 
into  general  use  in  the  English  language  for  purposes  of  sophiologic  discussion.  The 
complete  study  ia  designed  for  publication  in  the  second  part  of  ''Iroquois  Creation 
Myths,"  which  was  nearly  ready  for  the  press  at  the  end  of  the  year. 

For  a  number  of  years  Mrs.  Matilda  Coxe  Stevenson  has  been  investigating  the 
myths  and  ceremonies  of  the  Zui\i  Indians,  the  progress  of  the  work  being  retarded 
by  her  ill  health,  as  noted  in  previous  reports.  During  the  earlier  months  of  the 
fiscal  year  Mrs.  Stevenson  was  on  temporary  furlough,  and  the  state  of  her  health  so 
improved  as  to  permit  her  to  take  up  the  work  again.  Accordingly  she  was  able  to 
finish  the  revision  of  several  incomplete  chapters  and  to  arrange  the  material  for  the 
entire  monograph  in  form  for  publication.  The  nature  and  extent  of  the  work  have 
been  reported  repeatedly;  it  may  be  noted  merely  that  Mrs.  Stevenson's  ambition 
has  been  to  make  a  model  record  of  the  elaborate  ceremonies  of  one  of  the  most 
interesting  of  the  Pueblo  tribes,  and  that  it  is  a  source  of  much  gratifid^tion  to 
announce  the  satisfactory  completion  of  the  work. 

Although  their  researches  were  devoted  primarily  to  other  Indian  activities,  sev- 
eral of  the  collaborators  have  made  noteworthy  collections  of  sociologic  material 
during  the  year,  the  work  of  Dr.  Fewkes  on  Porto  Rican  zemis  and  zemeism,  that  of 
Mr.  Mooney  on  the  fiducial  factors  in  Kiowa  heraldy,  that  of  Dr.  Russell  on  the  calen- 
dric  systems  and  a<x;ompanying  beliefs  of  the  Pima  Indians,  that  of  Dr.  Jenks  on  the 
mythology  of  birch  bark,  and  that  of  Dr.  Swanton  on  the  mythologic  features  of 
social  organization  among  the  Ilaida  Indians  being  especially  worthy  of  mention. 

naSCRIPTIVB  ETHNOLOGY. 

In  connection  with  his  field  work,  Mr.  Mooney  was  able  to  make  some  progress  in 
the  preparation  of  the  Cyclopedia  of  Native  Tribes;  and  when  other  duties  per- 
mitted, Dr.  Thomas  continued  the  collection  of  material  for  this  work,  both  from 
current  publications  and  from  the  rare  books  constantly  being  added  to  the  library. 

About  the  middle  of  the  year  the  Hilder  translation  of  the  manuscript  history  of 
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Texas  by  Padre  Morfi  was  taken  up  for  annotation  with  a  view  to  publication.  The 
historical  annotation  was  kindly  undertaken  by  Dr.  George  P.  Garrison,  of  the  Uni- 
versity of  Texas,  and  the  manuscript  was  in  his  hands  at  the  close  of  the  year. 

COLLECTIONS. 

All  of  the  collaborators  engaged  in  field  operations  made  more  or  less  extensive 
collections  for  study  and  for  ultimate  transfer  to  the  United  States  National  Museum. 
By  far  the  most  extensive  of  these  collections  was  that  made  by  Mr.  Mooney  as  a 
means  for  the  research  in  heraldry.  This  collection  still  remains  in  the  field.  Dr. 
Russell  collected  a  full  series  of  objects  representing  the  arts  and  industries  of  the 
Pima  Indians,  including  a  series  of  baskets  representing  the  more  archaic  as  well  as 
the  modem  forms;  among  the  unique  objects  comprised  in  the  collection  are  two 
calendric  records  intermediate  in  character  between  the  winter  counts  of  the  North 
and  the  maguey-book  records  of  the  South.  Dr.  Fewkes  made  considerable  collec- 
tions in  New  Mexico  and  Chihauhua  early  in  the  year,  and  subsequently  obtained 
an  interesting  series  of  aboriginal  objects  in  Porto  Rico.  As  usual,  various  collec- 
tions were  obtained  also  by  purchase  under  the  more  immediate  direction  of  the 
Secretary. 

PROPERTY. 

The  property  of  the  Bureau  comprises  (1)  office  furniture  and  apparatus,  (2) 
ethnolosric  manuscripts  and  other  original  records,  (3)  ]^otographs  and  drawings 
of  Indian  subjects,  (4)  collections  held  temporarily  by  collaborators  for  use  in 
research,  (5)  a  working  library,  and  (6)  undistributed  residues  of  the  editions  of 
the  Bureau  publications.  There  was  little  change  in  the  amount  or  value  of  office 
property  during  the  year.  Purchases  of  office  furniture  were  inconsiderable;  several 
manuscripts  were  acquired  by  purchase,  mostly  for  immediate  publication,  as  noted 
in  previous  paragraphs,  while  the  records  of  original  work  progressed  steadily;  about 
855  negatives  (glass  and  film),  2,050  prints,  and  a  number  of  drawings  were  added  to 
the  collection  of  illustrative  material,  and  an  approximately  proportionate  quantity 
of  illustrative  material  was  used  in  the  reports.  Most  of  the  collections  of  the  year 
have  gone  dire<^tly  to  the  X'nited  States  National  Museum;  some,  like  those  of  Mr. 
Mooney,  are  still  in  use.  The  library  has  maintained  a  steady  grow*th,  chiefly 
through  exchanges,  ])artly  by  the  purchase  of  current  ethnologic  books  and  early 
records  pertaining  to  the  aborigines.  The  additions  of  the  year  comprise  about  895 
books  and  150  pamphlets,  raising  the  contents  of  the  library  to  11,3S9  lx)ok8  and 
2,500  pamphlets.  The  number  of  back  reports  was  reduced  through  the  constantly 
increasing  public  demands  for  ethnologic  literature;  nearly  all  of  these  documents 
are  now  out  of  print.  During  the  first  half  of  the  fiscal  year  Mr.  J.  Julius  Lund  con- 
tinned  in  chai^ge  of  the  property  as  custodian;  after  Mr.  Lund*s  resignation  Mr. 
Frank  M.  Bamett  was  appointed  to  this  t)osition.  Miss  Jessie  K.  Thomas  remains 
in  immediate  chaiige  of  the  library  and  Miss  Ella  Leary  of  the  distribution  of 
documents. 

PrBlilCATIONS. 

At  the  beginning  of  the  year  Mr.  Herbert  S.  Wood  had  charge  of  the  editorial 
work;  subeequently  he  was  furloughed  for  several  months,  when  Dr.  Albert  K.  Jenks 
assumed  editorial  duties  in  connection  with  his  researches;  in  June  Mr.  Wo<k1 
resumed  his  editorial  capacity,  and  toward  the  end  of  May  Mr.  Elbert  J.  Benton  was 
temporarily  added  to  the  corps  as  e<litorial  assistant.  The  second  part  of  the  Eight- 
eenth Report  was  delivered  from  the  bindery  on  January  7,  and  was  immediately 
distributed;  Bulletin  26  was  delivered  on  March  11,  and,  after  brief  holding  in  the 
hope  tl  at  the  Nineteenth  Report  might  be  distributee!  at  the  same  time,  was  sent  out 
to  the  exchanges  about  the  end  of  the  year;  sejiarHto  copies  of  the  papers  composing 
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the  Nineteenth  Report  were  delivered  in  March,  but  the  binding  of  the  volamee  was 
delayed  by  reason  of  unueoal  conditions  in  the  Printing  Office,  and  the  edition  was 
not  delivered  at  the  end  of  the  year.  On  January  29  the  Twentieth  Annual  Report 
was  transmitted.  It  is  designed  for  publication  in  one  volume,  and  comprises,  in 
addition  to  the  formal  report,  the  Holmes  monograph  on  aboriginal  pottery.  The 
Twenty-first  Annual  Report  was  transmitted  for  printing  on  March  12.  It,  also,  is 
designed  to  form  one  volume,  comprising,  in  addition  to  the  formal  report,  the 
memoirs  on  Hopi  Katcinas,  by  Dr.  Fewkes,  and  Iroquois  Creation  Myths,  by  Mr. 
Hewitt  On  June  30  the  Twenty-second  Annual  Report  was  transmitted  for  pub- 
lication in  two  volumes.  It  comprises,  in  addition  to  the  administrative  report.  Two 
Smnmers'  Work  in  Pueblo  Ruins,  by  Dr.  Fewkes,  Quirigua  Calendar  Systems,  by 
Dr.  Thomas,  and  Hako:  A  Pawnee  Ceremony,  by  Miss  Fletcher.  On  January  29  Dr. 
6088*8  memoir  entitled  Tsimshian  Texts  was  transmitted  for  publication  in  bulletin 
form.  At  the  close  of  the  year  material  was  in  hand  for  the  Twenty-third  Report 
and  for  the  greater  part  of  the  Twenty-fourth. 

Mr.  De  Lancey  Gill  remained  in  charge  of  the  illustrative  work,  preparing  copy 
for,  and  revising  proofs  of,  the  illustrations  for  the  Twentieth  and  later  reports.  He 
also  made  photoportraitsof  some  200  Indians,  chiefly  members  of  delegations  visiting 
Washington,  and  developed  a  considerable  number  of  n^atives  made  by  the  several 
collaborators  in  the  fi^,  and,  in  addition,  he  made  a  useful  series  of  field  photo- 
graphs in  connection  with  the  work  of  Professor  Holmes  in  Indian  Territory,  as 
noted  elsewhere.  As  heretofore,  he  was  assisted  by  Mr.  Henry  Walther. 
I  have  the  honor  to  be,  yours  with  respect, 

W  J  McGbb,  Actifig  Director, 
Hon.  S.  P.  Langlby, 

Secretary  f  Smit?i9onian  InstUutiotif  Washiihgton^  D,  C, 


Appendix  III. 

REPORT  ON  THE  OPERATIONS  OF  THE   INTERNATIONAL   EXCHANGE 

SERVICE. 

Sir:  I  have  the  honor  to  submit  the  following  'report  of  the  operations  of  the 
International  Exchange  Service  during  the  year  eliding  June  30,  1902: 

The  work  pertaining  to  exchanges  is  confined  to  the  southeast  basement  of  the 
Smithsonian  building.  The  rooms,  five  in  number,  extend  along  the  south  front  for 
a  distance  of  144  feet,  and  in  the  main  were  especially  constructed  nine  years  ago  for 
the  exclusive  use  of  the  Exchange  Service.  Considerable  space  has  since  been  added, 
making  the  shipping  room  much  larger,  and  various  improvements  have  been  intro> 
duced  to  facilitate  the  handling  of  packages. 

The  equipment  of  the  Exchange  ofiices  is  especially  adapted  to  the  peculiarities  of 
the  work,  and  consists,  in  addition  to  the  necessary  desks  and  their  usual  accessories, 
of  several  sorting  tables  for  folding  and  arranging  parcels,  a  lai^ge  number  of  bins  (each 
of  which  is  used  as  the  receptacle  of  all  parcels  for  a  single  country  until  a  sufficient 
quantity  shall  have  accumulated  to  make  a  minimum  shipment) ,  cases  for  reference 
books  and  directories,  filing  cases  for  ledger  cards  (upon  which  are  recorded  accounts 
of  all  exchanges  with  each  correspondent),  and  cabinets  for  filing  receipt  and  index 
cards  and  for  general  correspondence.  Other  articles  of  office  furniture  are  type- 
writers, scales,  trucks,  etc. 

It  is  pertinent  to  state  that  most  of  the  articles  of  office  furniture  and  fixtures  have 
been  purchased  from  Smithsonian  funds,  the  Congressional  appropriations  having 
been  sufficient  only  for  the  payment  of  most  of  the  salaries,  a  part  of  the  transporta- 
tion expenses,  and  the  purchase  of  expendable  supplies  for  packing  and  office  use. 

Since  the  last  report  of  the  Exchange  Service,  there  have  been  no  extensive  addi- 
tions to  the  general  equipment  of  the  Exchange  offices  except  the  construction  of  an 
hydraulic  elevator  for  raising  and  lowering  exchanges  to  and  from  the  loading  plat- 
form, and  the  placing  of  a  scale  with  a  weighing  capacity  of  2,500  pounds  near  the 
elevator  shaft.  The  expense  incurred  by  both  these  improvements  was  borne  by  the 
Institution. 

During  the  last  fiscal  year  there  has  l)een  no  loss  of  exchanges  transmitted  to  the 
Institution  from  abroad,  so  far  as  known,  and  but  one  instance  in  which  outgoing 
exchanges  have  been  lost  or  even  damagetl.  The  latter  occurre<l  February  1,  1902, 
when  three  boxes  of  exchanges  for  correspondents  in  South  Australia  were  entirely 
destroyed  by  water  while  a  fire  was  f)eing  extinguished  in  the  hold  of  the  steamship 
Hxurania^  which  was  loading  at  Brooklyn,  N.  Y.  Each  contributor  was  notified  of 
the  loss,  as  is  the  custom  of  the  Institution  in  such  cases,  with  the  result  that  ma^^t 
of  the  publications  were  duplicate<l. 

The  work  i)erformed  by  the  Exchange  Service  during  the  year  and  the  extent  to 
which  the  influence  of  the  service  is  felt  throughout  the  civilized  world  is  shown  in 
its  various  features  by  the  accompanying  tables. 
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During  the  year  38,647  packages  were  received  from  abroad  for  distribution,  and 
87,149  packages  of  domestic  publications  were  sent  to  correspondents  outside  the 
Tnited  States,  making  a  total  of  125,796.  dbhe  aggregate  weight  of  these  exchanges 
was  396,418  pounds,  or  an  average  of  little  over  3  pounds  per  package.  It  will  thus 
be  seen,  by  comparison  with  the  last  report,  that  while  the  total  weight  of  the 
exchanges  received  and  transmitted  during  the  ye^r  1900-1901  exceeded  those  of  the 
year  following  by  17,859  pounds,  the  number  of  packages  handled  during  the  latter 
year  exceeded  those  of  the  preceding  year  by  4,736. 

The  number  of  packages  received  from  abroad  for  United  States  Government  estab- 
lishments aggregated  11,290,  while  those  sent  under  authority  of  Congress  and  by 
United  States  Government  departments  and  bureaus  numbered  52,871.     Eliminating 
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Fig.  1.— Chart  representing  the  increase  of  exchange  transmissions  in  tons  of  2,000  pounds,  from  1860 

to  1902,  divided  into  periods  of  five  years. 

all  transmissions  in  behalf  of  the  United  States  Government,  the  scientific  publica- 
tions forwarded  or  received  by  societies  and  individuals  aggregated  34,278  outgoing 
and  27,357  incoming. 

The  several  classes  and  the  number  of  packages  in  each  class,  together  with  the 
I)ercentage  which  each  subdivision  bearH  to  the  whole,  are  as  follows: 

United  States  Government  exchanges,  51  per  cent: 

Sent  to  designated  depositories  abroad  under  the  act  of  March 

2,1867 25,368 

Sent  by  United  States  Government  eHtablishments 27, 513 

Receive<l  from  abroad  for  the  Library  of  Congress 5, 946 

Received  for  all  other  United  States  Government  institutions. . .     5, 344 

^    64,161 
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Scientific  and  miflcellaneoas  exchanges,  49  per  cent: 

Sent  abroad 34,278 

Received  from  abroad 27,357 

61,635 

Total 125,796 

It  is  not  possible  to  g;ive  the  actual  weights  of  each  class  of  exchanges,  but  it  is 
estimated  that  in  the  aggregate  the  publications  sent  and  received  for  the  various 
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Government  establishments  weighed  about  65  per  cent  of  the  total  of  all  transmissions 
for  the  year,  or  about  258,000  poimds. 

By  comparison,  the  receipts  from  abroad  are  far  from  being  a  satisfactory  equiva- 
lent of  those  sent,  especially  with  regard  to  governmental  exchangen.  This  met]ual- 
ity  is  gradually  being  adjusted  by  some  countries,  and  it  is  liope<l  that  in  the  not 
distant  future  the  exchanges  from  abroad  may  1)0  considerably  increased.     In  this 
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i*onnectioii  I  beg  leave  to  suggest  that  were  a  representative  of  the  Institution  con- 
stantly on  the  ground)  devoting  his  attention  to  the  requirements,  not  only  of  our 
national  library,  but  of  the  various  departmental  libraries  in  the  matter  of  exchanges, 
the  returns  for  the  publications  now  so  generously  distributed  by  the  United  States 
would  soon  be  greatly  increased,  if  not  quite  equalized. 

Following  are  the  total  number  of  parcels  sent  and  received  during  the  year: 

Shipments,  69  per  cent: 

United  States  Government  exchanges 52, 871 

Scientific  and  miscellaneous  exchanges 34, 278 

87,149 

Receipts,  31  per  cent: 

United  States  Government  exchanges 11, 290 

Scientific  and  miscellaneous  exchanges 27, 357 

38,647 

Total  parcels 125,796 

The  number  of  correspondents  in  the  United  States  has  reached  a  total  of  8,739, 
the  increase  during  the  year  having  been  590.  There  are  now  38,200  names  of 
libraries  and  individuals  on  the  records  of  the  Exchange  Service,  representing  an 
increase  of  2,495  names  during  the  year. 

The  sum  appropriated  by  Congress  for  the  support  of  the  International  Exchanges 
during  the  fiscal  year  was  $24,000,  being  the  same  as  that  granted  for  each  of  the  two 
immediately  preceding  years.  The  attention  of  Congress,  through  its  committees, 
was  called  by  the  Secretary  to  the  inadequacy  of  the  appropriation  on  account  of  the 
steady  increase  in  the  work  of  the  service,  the  improvement  inaugurated  therein  by 
snljstituting  ocean  express  for  freight  as  a  medium  of  transportation,  and  the  addi- 
tional requirements  that  the  Institution  would  be  obliged  to  meet  by  reason  of  the 
atloption  by  Congress  on  March  2,  1901,  of  a  resolution  retjuiring  the  Public  Printer 
to  deliver  to  the  Library  of  Congress,  for  its  own  use  and  for  international  exchange, 
62  instead  of  50  sets  of  Government  publications,  ''except  as  such  number  shall  be 
enlarged  to  not  exceed  100  copies  by  request  of  the  Librarian  of  Congress."  On  this 
account  Congress,  in  its  sundry  civil  act  approved  June  28,  1902,  saw  fit  to  grant  an 
increase  of  $2,000,  or  $26,000  in  all,  for  the  next  fiscal  year. 

Owing  to  a  readjustment  of  the  duties  of  the  deputy  collectors  of  the  port  of  New 
York,  Mr.  Charles  A.  King  succeeded  Mr.  John  C.  Williams  on  February  7, 1902,  as 
the  officer  designated  by  the  collector  to  enter  and  care  for  international  exchanges 
arriving  from  abroad. 

Despite  the  constant  endeavors  of  the  Institution  to  establish  more  adequate 
exchange  relations  with  the  Governments  of  Japan  and  China,  all  efforts  in  that 
direction  have  thus  far  been  futile.  Only  exchanges  for  governmental  and  native 
educational  institutions  in  Japan  can  be  distributed  under  the  present  arrangement, 
and  all  other  contributions  are  therefore  discouraged.  In  China  no  facilities  are 
provided  for  the  official  distribution  of  exchanges,  and  the  Institution  has  no  means 
of  distributing  parcels  in  the  Empire  except  those  bearing  addresses  in  Shanghai, 
which  are  delivered  by  the  courtesy  of  the  Zi-ka-we'.  Observatory. 

Thus  far  Great  Britain,  Germany,  and  Austria-Hungary  have  not  adopted  the 
custom  prevailing  elsewhere  in  Europe  of  officially  providing  for  an  international 
exchange  of  publications,  and  the  Smithsonian  Institution,  with  the  aid  of  funds 
provided  for  the  support  of  the  Exchange  Service,  has  been  obliged  to  maintain 
salaried  agents  in  each  of  these  countries  and  to  Dear  the  expense  of  distribution  of 
parcels  as  well  as  for  transporting  the  publications  of  those  countries  to  the  United 
States.  It  is  hoped,  however,  that  the  steps  that  have  been  taken  from  time  to  time 
to  adjost  this  inequality  in  the  exchange  system  may  eventually  be  successful. 

The  Institution  has  been  especially  fortunate  in  the  selection  oi  its  agents  in  those 
countries  where  no  provision  has  been  made  officially  for  conducting  exchanges. 


62 


REPORT   OF  THE   SECRETARY. 


Dr.  Felix  Flugel,  Meaan.  William  Wesley  &  Son,  and  Dr.  Joseph  von  Korociy, 
located  at  Leipzig,  London,  and  Bndapest,  re8i)ectively,  have  faithfally  eerved  the 
Institntion  for  many  years.  Dr  Flugel  has  given  constant  attention  to  the  service 
for  nearly  half  a  century,  while  the  MeflBrs.  Wesley  have  acted  as  the  agents  of  the 
Institution  since  1862. 

Tabuiar  daiement  of  the  trork  of  the  International  Exchange  Service  during  thejinad  year 

1901-1902. 


Date. 


Nomber  Weij?ht 
of  pack-  of  pack- 
ages        ages 
ban-        han- 
dled.   -    died. 


Number  of  corrunpondentf*  Jane  30, 


1902 


Package> 
Hent  to  I   Ca»<c^ 


^"^fP;  Dom«.Ue  »-»-«">''?-«<^  'Td""'  fb^ 


.scxrie- 
ties. 


flocieties. 


indi-    I 
vidaaR 


indi 
vidualH. 


ad- 
dreswes. 


1901. 


July j  16,452 

Angtut 9,»i8 

September 5,660  | 

October 12,197 

November 6,903 

December 10, 344 

1902.  I 

January ;  12,736 

February 6,627 

March 12,714 

April 8.W1 

May 9.842 


Jane 14,932 


Total 

lncrea8eoTerl900-1901 


56,559 
22,299 
36,019 
29, 3M 
23,585 
31,866 

42,485  I 
17,109 

u9, 04«J 

20,470 
26,079 
31,978 


396,418 
o  17, 859 


<■  Decrease. 


The  following  table  showfl  the  number  of  packages  of  exchanges  handle<l  and  the 
increase  in  the  number  of  correspondents  each  year  from  1895  to  1902: 


189^96. 


1896-97. 


Number  of  packages  recei  ved .  88, 878  ;      81, 162 

Weight  of  packages  received, 

pounds '  258,781       247,444 

Correspondents:  | 

Foreign  societies 8,022 

Foreign  Individuals 10,878 

Domestic  societies 2,115 

Domestic  individuals 3,899 


Packages  to  domestic  addresses 
Cases  shipped  abroad 


34,091 
1,043 


9,414 
12,013  ■ 

2,445 

4,136  I 
23,619 

1.300 


1897-98.  ;  1898-99.    1899-1900.  1900-1901.1901-1902. 


10, 165 

12,378 

2,633 

4,382 

21,057 

1,330 


10,822 

13,378 

2.596 

4,673 

30,645 

1.500 


10,845  , 

15,385 

2,721 

5.000 

28,625 

1,768 


84,208  '      97,835       113,563       121,060 


301,472       317,883       409,991  I    414,277 


11,295 

16,261 

2,996 

5,153 

31,367 

1.757 


rj."),  7915 

396,418 

11,760 
17, 701 

8,1.HJ 

5,  .V>7 

33,9<il 

l,Kr. 


CORRBHPONDENTO. 


The  record  of  exchange  correspondents  at  the  close  of  the  year  c*ontained  3H,2(K) 
addresses,  being  an  increase  of  2,495  over  those  of  the  preceding  year.  The  follow- 
ing table  gives  the  number  of  correspondents  in  each  country  and  also  serves  to  illus- 
trate the  scope  of  the  service. 
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Number  of  corregpondenls  of  the  InUrnaiiofml  Exchange  Service  in  each  country  on 

June  SO  J  190e, 


Country. 


AFRICA. 


Algeria 

Angola 

A»>res 

Beim 

British  Central  Africa 

BritLsh  Eacit  Africa 

Canary  Islands 

Cape  Colony 

Cape  Verde  Lslands. . . 
CV>ngo  Free  State 

E«ypt 

French  Congo 

Gambia 

Gold  Coast 

Lagos 

Liberia 

Louren^o-Marqnez 

Madagascar 

Madeira 

Mauritius 

M<»roeco 

Mozambique 

Natal 

Orange  River  Colony  - 

Reunion 

Bt.  Helena 

Senegal 

Sierra  Leone 

Transvaal 

Tunis 

Zanzibar 


Correspondents. 


Libra- 
ries. 


AMERICA  (NORTH). 

Canada 

Centra]  America: 

British  Honduras . . . 

Costa  Rica 

Guatemala 

Honduras 

Nicaragua 

Salvador 

Greenland 

Mexico 

Newfoundland 

St.  Pierrc-MIquelon 

United  States 

West  Indies: 

Anguilla 

Antigua 

BahamM 


22 

1 
5 


1 
42 


30 


2 
2 


2 

3 

12 


14 


2 
3 


1 

16 
8 


275 

4 

26 
41 
11 
14 
16 

2 

156 

12 

2 
3,182 


6 
4 


Indi- 
vid- 
uals. 


27 


2 
3 
3 
10 
9 
5 


501 

7 

34 
58 
29 
37 
11 


160 

18 

2 

5,567 

1 

4 

11 


Total. 


15 

1 

1 

1 

6 
78 

4 

3 
52 

1 

2 

2 

2 

4 ; 

2 

6 

4 

7 
10 

1 
18 

1 


49 

1 
20 

1 

1 

1  , 

7  1 
120 

4  ' 

3 
82 

1 

2 

2 

4 

6 

2 

8 

7 
19 
10 

1 
32 

1 

2 

I 

6  ' 
3  I 

26 

17 

5 


776 

11 
60 
99 
40 
61 
27 

2 

826 

80 

4 
8,739 

1 

10 
15 


I 


Country. 


AMERICA  (NORTH)— con- 
tinued. 

West  Indies— Continued. 

Barbados 

Bermuda 

Buen  Ayre 

Cuba 

Curasao 

Dominica 

Grenada  

Guadeloupe 

Haiti 

Jamaica 

Martinique 

Montserrat 

Nevis 

Porto  Rico 

St.  Bartholomew 

St,  Christopher 

St.  Croix 

St.  Eustatius 

St.  Martin 

St.  Lucia 

St.  Thomas 

St.  Vincent 

Santo  Domingo 

Tobago 

Trinidad 

Turks  Islands 

AMERICA  (SOUTH). 

Argentina 


Bolivia 

Brazil 

Britisn  Guiana... 

ChUe 

Colombia 

Dutch  Guiana.... 

Ecuador 

Falkland  Islands 
French  Guiana  . . 

Paraguay 

Peru 

Uruguay  

Venezuela 


ASIA. 


Arabia 

Borneo 

British  Burma 

British  New  Guinea . 
British  North  Borneo 


Correspondents. 


Libra- 
ries. 


9 
6 


46 
1 
2 
8 
2 
6 

16 


2 
1 


2 
2 
1 
3 


14 
3 


136 
16 

123 
16 
78 
32 
4 
14 


1 

18 
87 
40 
82 


9 


Indi- 
vid- 
uals. 


Total. 


12 

13 
1 
112 
4 
7 
5 
5 

16 

34 
1 
2 
1 

20 
2 
4 
8 
1 
2 
4 
4 
2 

11 
1 

11 
5 


128 

11 

142 

10 

88 

49 

3 

20 

6 

2 

9 

60 

29 

44 

7 
1 
8 
1 
1 


21 

19 
1 
158 
6 
9 
8 
7 

22 

49 
1 
2 
1 

24 
2 
6 
4 
1 
2 
6 
6 
8 

14 
1 

25 
8 


264 

27 

266 

26 

166 

81 

7 

34 

6 

8 

27 

97 

69 

76 


64 
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Number  of  carregpondents  of  the  IntemaHanal  Exchange  Service  m  eadi  cauntry  on 

June  SOf  190S — Continued. 


Country. 


ASIA— con  tinned. 


Celebes 

Ceylon 

China 

Cochin  China 

Cyprus 

Formosa 

French  East  Indies 

Hongkong 

India 

Japan 

Java 

Korea 

Macao 

New  Guinea 

Persia 

Philippine  Islands. 
Portuguese  India . . 

Sarawak 

Biam 

Btraito  Settlements 
Sumatra 


AU8TBALA8IA. 

New  South  Wales... 

New  Zealand 

Queensland 

South  Australia. . . . . 

Tasmania 

Victoria 

Western  Australia . . 


EDBOPK. 


Austria-Hungary 

Belgium 

BnlgarJa 


Libra- 
ries. 


Correspondents. 
Indi- 


21 

43 

4 

2 


1 

7 

210 

135 

17 

2 


I 


S 
10 
1 
1 
5 
11 


vid- 
uals. 


2 
12 
91 

4 

3 

1 

20 

196  I 

810 ; 

27i 
1  ' 


Total. 


9 
14 


17 

12 

4 


?2 

121  . 

73 

88 

33 

51 

43 

65 

17 

17 

94 

126 

21 

27 

702 

1,018 

822 

891 

12 

18 

2 
33 
134 
8 
6 
3  , 

I 

2 

27 

403 

445 

44  : 

10  I 

1  I 

l' 
12 
24 

1 

1  I 
22  i 
231 

4 


193 
161 

»t 
108 

34 
220 

48 


I 


1.720 

718 

80 


Country. 


EUBOPK— continued, 

Denmark 

France 

Germany 

Gibraltar 

Great  Britain 

Greece 

Iceland 

Italy 

Luxemburg 

Malta 

Monten^ro 

Netherlands 

Norway 

Portugal 

Roumauia 

Russia 

Servia 

Spain 

Sweden 

Switzerland 

Turkey 


FOLYKniA. 

Fiji  Islands 

German  New  Guinea 
Hawaiian  Islands. . . . 

Marshall  Islands 

New  Caledonia 

New  Hebrides 

Samoa 

Tahiti 

Tonga 

International 


Correspondents. 


Total. 


104 

1,634 

2,304 

1 

1,879 

39 

16 

786 

10 

9 

1 

192 

120 

100 

32 

461 

20 

171 

174 

335 

34 


25 


36 


14,942 


Indi- 
vid-    Total, 
uals.  . 


161 
2,001  , 

3,266  I 

4! 
4,209 
87' 
8i 
828 
4 
11 
1 
276 
129 
74 
58 
759  I 
12  ! 
192  I 
268 
6G2  I 
75 


3 
I 
40 
1 
2 


3i 
2  ' 


265 

3,685 

5,570 

5 

6,068 

76 

24 

1,614 

14 

20 

2 

468 

249 

174 

90 

1,220 

32 

363 

412 

887 

100 


4 
I 

65 
1 
2 
1 
5 
3 
2 


86 


28,268     88,200 


EXCHANGE  OF  GOVERNMENT  DOCUMENTS. 

The  following  table  shows  the  number  of  packages  forwarded  and  received  by  the 
several  branches  of  this  Government  during  the  year.  By  comparison  with  the  \B»i 
report  it  will  be  observed  that  there  has  been  a  decrease  of  1,614  in  the  receipts  from 
abroad  and  an  increase  of  3,461  in  the  transmissions  from  United  States  Government 
establishments  to  their  correspondents  in  other  countries,  or  a  net  increase  of  1,M7, 
equal  to  3  per  cent,  over  last  year. 
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SUUenietU  of  GovemmerU  exchanges  during  the  year  1901-2, 


Name  of  bnreaii. 


A<]  iatant-General's  Office 

American  Historical  AfBOclation 

.\Ktrophy8ical  Observatory 

Auditor  for  the  State  and  other 
Departments 

Board  on  Geographic  Names . . . 

Bureaa  of  American  Ethnology . 

Bureau  of  American  Republics. 

Bureau  of  Education 

Bureau  of  Medicine  and  Surgery 

Bureau  of  the  Mint 

Bureau  of  Navigation 

Bureau  of  Statistics,  Treasury 
Department 

Bureau  of  Steam  Engineering. . 

Census  Office 

Civil  Service  Commission 

Coast  and  Geodetic  Survey 

Commissioner  of  Internal  Rev- 
enue  

Commissioners  of  the  District 
of  Columbia 

Comptroller  of  the  Currency  ... 

Department  of  Agriculture 

Department  of  the  Interior 

Department  of  Justice 

Department  of  liibor 

Department  of  State 

Entomological  Commission 

Engineer  School  of  Application . 

Fire  Department  of  the  District 
of  Columbia 

Fish  Commission 


Packages. 


Received 
for— 


9 
6 


1 

249 

18 

115 

1 

7 

16 

93 

1 

17 

1 

124 


4 

4 

399 

30 

2 

36 

19 

3 

1 


96 


Sent 
by- 


2 
118 


711 
207 
692 


25 


367 
118 

4,806 

764  I 


330 


22 
160 
701 
641 


64 


1 
715 


Name  of  bureau. 


General  Land  Office 

Geological  Survey 

Health  Department  of  the  Dis- 
trict of  Columbia 

Hydrographic  Office 

Interstate  Commerce  Commis- 
sion   

Library  of  Congress 

Life-Saving  Service 

Light-House  Board 

Marine-Hospital  Service 

National  Academy  of  Sciences 

National  Botanic  Garden 

National  Bureau  of  Standards. 

National  Museum 

National  Zoological  Park 

Nautical  Almanac  Office 

Naval  Observatory 

Navy  Department 

Office  of  the  Chief  of  Engineers 

Office  of  Indian  Affairs 

Patent  Office 

President  of  the  United  States. 

Record  and  Pension  Office 

Senate  of  the  United  States  . . . 

Smithsonian  Institution 

Superintendent  of  Documents. 

Surgeon-General's  Office 

Treasury  Department 

War  Department 

Weather  Bureau 

Total 


Packages. 


11,290 


Received 
for— 

Sent 
by- 

3 

582 

8,043 

1 

103 

2 

•        17 

160 

5,946 

25,358 

2 

60 

3 

278 

11 

1 

98 

887 

1 

1 

340 

3,681 

7 

5 

85 

105 

143 

1 

12 

25 

72 

2 

• 

119 

862 

1 

1 

147 

1 

2,144 

6,760 

1 

3 

159 

290 

10 

3 

125 

19 

145 

681 

62,871 


RBLATIVK    INTBRCHANGB    OF    PUBLICATIONS    BETWEBN    THE    UNITED    STATES   AND    OTHER 

COUNTRIES. 

Following  is  a  comparative  statement  of  exchange  transmissions  by  packages 
between  the  United  States  and  other  countries  during  the  years  1901  and  1902: 

Comparative  statement  of  packages  received  for  transmission  through  the  International 
Exchange  Service  during  the  fiscal  years  ending  June  SOy  190 1,  and  June  Sb^  1902. 


Country. 


Algeria 

Angola 

Antigua 

Arabia 

Aigentina 

8M  1902 5 


1901. 

1902. 

Packages. 

Packages 

For— 

From— 

For— 

From— 

113 

3 

7 

5 

2,874 

74 

108 

106 

17 

10 

2,426 

392 

787 

66 
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Qnnparatirt  Maiemenf  </  parkage$  rereirtd  for  iransmiman  ikromyh  ihf.   Iidemaiitmal 

Exdumge  Strriee,  eic — C(mtmiie«l. 


CoanUT. 


AnKtHm-Hnngaij. 
Azofe* 


Beramdaji. 

BolfriA.... 


Borneo 

Bmrfl 

BritUh  Americm 

BritMi  Banna 

Britbih  Gaiana 

BritMi  HondniM  ... 
British  New  Gninen. 

Bolgnria 

Cmruay  IslaDdn 

rviebe« 

Cftfw  Colony 

Cape  Vefde  Ijilanda . 

Ceylon 

Chile 


China 

a>loniMa.. 
Carta  Rica 
Cuba 


Cnmcao 

Crpnm 

Denmark 

Dominica 

Dntch  Goiana. 

Ecnador 

E«riK 


Falkland  Island^, 
nji  Ijiiandii 


France 

French  Cochin  China 

French  Goiana 

Germany 

GlhnUtar.... 

GoreeDnkar 

Grenada 

Great  Britain  and  Ireland 
Greece 


Greenland.. 
GoadekNipe. 
Guatemala.. 
Guinea 


Haiti 

Hawaiian  UandB. 

Hondmas 

HoDffkons 

Iceland 


1901. 


194X1 


4.531 
14 
15 
14 

2.  an 
11 

M 

4 

1.440 

2. 532 

4 

57 
12 


72 

6 

1 

274 

2 

56 

1.090 

249 

6>7 

7M 

233 

4 

2 

l.OM 
5 
I 
77 
]fi3 
3 
3 

n 

R.087 
1 
] 

14,868 


4 

12.304 

689 

3 

5  ' 
129  ! 

3 
MO 
M 
51 
76 
44 


For—       From—       For—    ,  From — 


2,.il* 


1.792 


715 
706 


89% 


1 
141 


673 
25 


lfi6 


2.525 


8.265  I 


8.606 


23 


4.«« 
10    . 
12  '. 

23  I. 
2.322  I 
17  ' 


315 

7 
1.."5C!2 
3.291 

6    . 

s    . 

•> 

H) 
5    , 
I 
■J79 


53 
1.I2D 
29l> 
691    . 
773 
2I» 
5   . 
5 
1.052 
19    . 
12 

1)6    . 
173    . 

3  . 
n 

8»077 

I 

4  I. 


14.057 
3 


12.790 ; 
7cf: 

6  •. 

3    . 

153   . 

1    . 

516   . 

54 

59 

80  i. 

'       41  I, 


1.M3 


2.072 


11 


1,h78 
9nC2 


140 


1 

3 
IV. 


579 
37 


562 


3.301 


6.622 


7.122 
40 


1 
119 
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Cmnparalh^  slalemeni  of  packages  received  for  transmission  through  the  International 

Exchange  Service j  etc. — Continued. 


Country. 


India  . . . 
Italy. ... 
Jamaica 
Japan . . . 

Java 

Kcwca.. . 


Liberia 

Looren^o  Marqnez 

lAixemhuTg 

Madagascar 

Madeira 

Malta 

Martinique 

Manritius 

Mexico 

Montene^o 

MontBerrat 

Morocco 

Natol 

Netherlands 

Nevis 

Newfoundland 

New  Soutli  Walet 

New  Zealand 

Nicara^a , 

Norway 

Paraguay 

Persia 

Peru 

Philippine  Islands 

Porto  Rico 

Portugal 

Queensland 

Reunion 

Rotimania 

Rnasia 

St.  Croix 

'St.  Enstatins 

St.  Helena 

St.  Kittu 

St.  Martin 

St.  Pierre  and  Miquelon 

St.  Thomas 

St.  Vincent 

Samoa 

Santa  Lucia 

Santo  Domingo 

San  Salvador 

Servia 

Siam 

Siena  Leone 

Society  Islands 


1901. 


Packages. 


For— 


1,410 
4,340 

90 

1,683 

203 

20 


42 


75 

12 

5 

23 

3 

47 

1,719 


1 
4 

58 

1.847 

1 

27 

1,534 

821 

58 

1,292 

73 

20 

723 

61 

46 

914 

814 

6 

175 

3,218 

2 

1 

6 

8 

2 

2 

2 

3 

13 

2 

9 

77 

38 

54 

2 

1 


From— 


159 
1,275 


18 
144 


2 


3,720 


3 
723 


229 
12 


999 
40 


15 


87 
2,277 


1902. 


Packages. 


For— 


1,451 

4,423 

94 

1,497 

170 

52 

1 

45 

4 

86 

6 

9 

30 

8 

56 

1,852 

1 


6 

54 

1,802 


32 

1,956 

809 

81 

1,238 

64 

33 

699 

45 

12 

913 

815 

8 

154 

3,619 

5 


From — 


11 
2 
3 
1 

7 
1 

ir 
1 

10 

107 

51 

39 

3 

3 


202 

2,541 


21 
125 


26 


5,195 


2 
700 


614 
18 


67 
261 


1 
5 


817 
2 


110 

1,768 


3 
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Oomparatire  tiUdement  of  jtackagen  received  Jot  fran#rni«Ron  thnnigh  Ihe  Ititemalional 
Exchange  Service,  etc. — Continned. 


19DI. 

1902. 

Coniitrr. 

Pukage*. 

Package. 

Vm~ 

Fwm- 

FOr- 

From- 

South  African  Republic 

I.W9 
2.431 

Ml 

la 

so 

31.S67 
«I7 
060 

6se 

K 

1.0U 

1,191 
M 

1,8« 
2.868 

IT 

sa,e«i 

1 

192 

S»ri» 

' 

2 

1 

m 

S2.9U 

S12 

The  following  is  a  list  ot  the  SmithBonian  coirespondentfl  at;ting  ae  dutribtitinK 
agents,  or  receiving  publications  for  transmiBiion  to  the  United  States,  and  of  coun- 
tries receiving  regularly  exchaagee  through  the  Institution: 
Algeria.     {See  France. ) 
Angola.      {See  Portugal.) 
Argentina;  Maseo  Nacional,  Buenos  Ayres. 
Austria:  K,  K.  Statiatische  Central-Com 
Azores.    (.Sir  Portugal. ) 
Belgium:  CommisHioii  Beige  des  Iv^hang 
Bolivia:  Oficina  Nacional  de  Inmigraci 

La  Paz. 
Brazil:  Bibliotheca  Nacional.  Rio  de  Jan 
British  Colonies:  Crown  .Agents  for  the  ( 
Brilijh  Guiana.     {Ste  Biitiah  Colonies.) 
BritiBh  Honduras.     (.*■*  Britifih  Coloniet 
Bulgaria:  Dr.  Paul  Leverkiihn,  Sofia. 
Canada:  Packages  went  by  mail. 
Canary  Islands.     {See  Spain.) 
Cape  Colony:  Sui)erintendcnt  of  the  t^la 
Chile:  Univereidad  de  Chile,  Santiago. 
China.     (Shipments  suspendeil  for  the  p 
Colombia:  Biblioteca  Nacional.  BoKotit. 
Costa  Rica:  Oficina  de  DepAsito  y  Canje 
Denmark:  Kong.  Danske  Viiicnskabemf 
Dutch  Guiana:  Snrinaamwhc  Koloniale 
Ecuador:  Biblioleca  Nacional,  Quito. 
Eoet  India:  India  Store  Department,  Uu 
E^pt:  Socifit^  KhWiviale  de  Gitigraphl 
Fiji  Islands.     (See  Britisli  Colonies. ) 
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France:  Bureau  Fran^ais  des  Changes  Intemationaux,  Paris. 

Friendly  Islands:  Packages  sent  by  mail. 

Germany:  Dr.  Felix  Fliigel,  Aeussere  Halle' sche  Strasse  18,  Leipzig-Gohlis. 

Gold  Coast.     (See  British  Colonies. ) 

Great  Britain  and  Ireland:  William  Wesley  &  Son,  28  Essex  street,  Strand,  London, 

England. 
Greece:  Prof.  R.  B.  Richardson,  Director,  American  School  of  Classical  Studies, 

Athens. 
Greenland.     (See  Denmark. ) 
G  uadelonpe.     ( See  France. ) 

Guatemala:  Instituto  Nacional  de  Guatemala,  Guatemala. 
G uinea.     ( See  Portugal. ) 

Haiti:  Secretaire  d'Etat  des  Relations  Ext^rieures,  Port  au  Prince. 
Honduras:  Biblioteca  Nacional,  Tegucigalpa. 
Hungary:  Dr.  Joseph  von  K6rosy,  "Redoute,**  Budapest. 
Iceland.     (See  Denmark. ) 

Italy :  Biblioteca  Nazionale  Yittorio  Emanuele,  Rome. 
Jamaica.     (j8<ee  British  Colonies. ) 
Java.     (See  Netherlands. ) 
Korea:  Packages  sent  by  mail. 
Leeward  Islands.     (iSee  British  Colonies.) 

Liberia:  Care  of  American  Colonization  Society,  Washington,  District  of  Columbia. 
Luxembui);.     (See  Germany. ) 
Madagascar.     (See  France. ) 
Madeira.     (<Sfe«  Portugal.) 
Malta.     (See  British  Colonies. ) 
Mauritius.     (See  British  Colonies. ) 
Mexico:  Packages  sent  by  mail. 
Mozambique.     (^Slee  Portugal. ) 

Natal:  Agent-General  for  Natal,  London,  England.  ' 

Netherlands:  Bureau  Scientifique  Central  N^erlandais,  Den  Helder. 
New  Guinea.     (See  Netherlands. ) 
New  Hebrides:  Packages  sent  by  mail. 
Newfoundland:  Packages  sent  by  mail. 

New  South  Wales:  Board  for  International  Exchanges,  Sydney. 
New  2^1and:  Colonial  Museum,  Wellington. 
Nicaragua:  Ministerio  de  Relaciones  Exteriores,  Managua. 
Norway:  Kongelige  Norske  Frederiks  Universitet,  Christiania. 
Paraguay:  Care  Consul-General  of  Paraguay,  Washington,  District  of  Columbia. 
Persia.     (See  Russia. ) 
Peru:  Biblioteca  Nacional,  Lima. 
Portugal:  Bibliotheca  Nacional,  Lisbon. 
Queensland:  Chief  Secretary's  Office,  Brisbane. 
Roumania.     (See  Germany.) 
Russia:  Commission  Russe  des  £k;hanges  Internationaux,  Biblioth^ue  Imp^riale 

Publique,  St.  Petersburg. 
Saint  Helena.     (See  British  Colonies. ) 
Santo  Domingo:  Packages  sent  by  mail. 
San  Salvador:  Museo  Nacional,  San  Salvador. 
Servia.     (See  Germany. ) 

Siam:  Board  of  Foreign  Missions  of  the  Presbyterian  Church,  New  York. 
South  African  Republic:  William  Wesley  &  Son,  28  Essex  street,  Strand,  London. 
South  Australia:  Astronomical  Observatory,  Adelaide. 
Spain:  Oflcina  para  el  Canje  de  Publicaciones  Oficiales,  Cientificas  y  Literarias.    Sec- 

cion  de  Propiedad  Intelectual  del  Ministerio  de  Fomento,  Madrid. 
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Stnuts  Settlements.     {See  British  Colonies. ) 

Sumatra.     ( -See.  Netherlands. ) 

Syria:  Board  of  Foreign  MiBsionH  of  the  Preebyterian  (^huifh,  New  York. 

Sweden:  KongligaSveueka  Vetenekapa  AkademJen,  t^tm-khnlni.  - 

Switzerland.    Biblioth^ue  FM^rale,  Berne. 

Tasmania:  Royal  Society  of  Tasmania,  Ilobart. 

Trinidad.     (See  British  Coloniee.) 

Tunis.     (*^  France.) 

Turkey:  Ameritan  Biianl  of  CoinniisHionera  for  F<nvi((ii  Miwsiunti,  Boston,  Mawia- 

cliuttetts. 
Turks  Islands.     {Sfe  British  Colonies.) 

Uruguay:  Oficina  de  Depc'jsito,  Keparto  y  Canje  Int*ma<tiona!,  Montt^vidtto. 
Venezuela:  Biblloteca  Nacional,  Cardi^aK. 

Victoria:  Public  Library,  Museum,  and  National  Gallery,  Melbonme. 
Western  Australia;  Victoria  Public  Library,  Perth. 
Zanzibar:  Packages  t*ent  by  mail. 

The  distribution  of  exchanges  to  foreign  countries  was  maili-  in  l,fH7  leases,  4tifl  o( 
which  (M)ntaine<l  official  <locuinent8  for  anthorizp<l  depoailorie><,  and  the  contenta  of 
1,381  caaea  conBiBte<l  of  Uovenmicnt  and  other  publications  for  misi^llaneouB  corre- 
spondents. Of  the  latter  class  of  exchanges  the  number  sent  to  each  country  in 
given  below : 


Argentina .17 

Austria 59 

Belgium 42 

Bolivia 4 

Brazil :m 

British  Colonies 6 

Ca|>e  Colony 6 

China :  1 

Chile il» 

Colombia 9 

CoaU  Rica 12 

Cuba (") 

Denmark 20 

Dutch  Guiana ( *) 

Ecuador 5 

VmkI  India 13 

t«ypt 3 

France  and  Colonies llfl 

Uemiany 212 

Great  Britwn  and  Ireland 276 


Guatemala.. 

Hwti 

Honduras... 
Hungary  . . . 
Italy 

Mexico 


■  {") 


Natal 

New  South  Wales  . 

Netherlands 

New  Z(«land 

Nicaragua 

Norway 

Paraguay 

Peni 

Polynesia 

Queensland 

Itoumania 

SanD 

Siatn 
South 
South 
Spain 

Swe<lt 
Swilzi 

Tasini 
Turke 


"Packages  sent  by  mail. 
^Incluiled  in  transniissionB  to 
^Included  in  transmi^ons  to 
dloduded  in  trarsmlHsions  to 
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The  following  ia  a  list  of  depositoriee  abroad  to  which  sets  of  United  States  Gov- 
ernment publications  are  sent  under  the  joint  resolution  of  Congress  approved  March 
2,  1867.  One  box  of  current  publications  was  forwarded  to  each  depository  on  July 
8  and  October  24,  1901,  and  on  January  4,  March  17,  and  June  17,  1902. 

Ar):entina:  Library  of  the  Foreign  Office,  Buenos  Ayres. 

Australia:  Commonwealth  of  Australia,  Melbourne. 

Austria:  K.  K.  Statistische  Central-Commission,  Wien. 

Baden:  Universitats-Bibliothek,  Freiburg. 

Bavaria:  Konigliche  Hof-und  Staats-Bibliothek,  Miinchen. 

Belgium:  Biblioth^ue  Royale,  Brussels. 

Brazil:  Bibliotheca  Nacional,  Rio  de  Janeiro. 

Buenos  Ayrea:  Library  of  the  Government  of  the  Province  of  Buenos  Ay  res.  La 

Plata. 
Canada:  Parliamentary  Library,  Ottawa. 
Chile:  Biblioteca  del  Congreso,  Santiago. 
Colombia:  Biblioteca  Nacional,  Bogotd. 

Costa  Rica:  Oficina  de  I>ep6sito  y  Canje  de  Publicaciones,  San  Jose. 
Denmark:  Kongelige  Bibliotheket,  Copenhagen. 
f!ngland:  British  Museum,  London. 
France:  Bibliothcque  Nationale,  Paris. 
Germany:  Deutsche  Reichstags-Bibliothek,  Berlin. 
Greece:  National  Library,  Athens. 

Haiti:  Secretaire  d'Etat  des  Relations  Ext^rieures,  Port  au  Prince. 
Hungary:  Hungarian  House  of  Delegates,  Budapest. 
India:  Secretary  to  the  Government  of  India,  Calcutta. 
Ireland:  National  Library  of  Ireland,  Dublin. 
Italy:  Biblioteca  Nazionale  Vittorio  Emanuele,  Roma. 
Jajxan:  Foreign  Office,  Tokyo. 
Manitoba:  Legislative  Library,  Winnii)eg. 
Mexico:  Museo  Nacional,  Mexico. 
Netherlands:  Library  of  the  States  Gtneral,  The  Hague. 
New  South  Wales:  Board  for  International  Exchanges,  Sydney. 
New  Zealand:  General  Assembly  Library,  Wellington. 
Norway:  Departementet  for  det  Indre,  Christiania. 
Ontario:  Legislative  Library,  Toronto. 
Peru:  Biblioteca  Nacional,  Lima. 
Portugal:  Bibliotheca  Nacional,  Lisbon. 
Prussia:  Konigliche  Bibliothek,  Berlin. 
Quel)ec:  Legislative  Library,  Quebec. 
Queenslan<l:  Parliamentary  Library,  Brisbane. 
Russia:  Imperial  Public  Library,  St.  I*etersburg. 
Saxony:  Konigliche  Bibliothek,  Dresden. 

South  African  Republic:  Department  of  Foreign  Affairs,  Pretoria. 
South  Australia:  Parliament  Library,  Adelaide. 

Spain:  Seccion  de  Propriedad  Intelectual  del  Ministerio  de  Fomento,  Madrid. 
Sweden:  Kongliga  Biblioteket,  Stockholm. 
Switzerland:  Bibliotheque  F^^rale,  Berne. 
Tasmania:  Parliamentary  Library,  Hobart. 
Turkey:  Minister  of  Public  Instruction,  Constantinople. 
Uruguay:  Oficina  de  Dep6sito,  Reparto  y  Canje  Intemacional  de  PubUcaciones, 

Montevideo. 
Venezuela:  Biblioteca  Nacional,  Caracas. 
Victoria:  Public  Library,  Melbourne. 
Western  Australia:  Victoria  Public  Library,  Perth. 
Wiirttembeif:,  Konigliche  bibliothek,  Stuttgart. 
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Governmental  exchanges  for  Quebec,  Ottawa,  Toronto,  Winnip^,  and  Mexico 
are  not  retained  at  the  Institution  until  an  entire  box  has  accumulated,  but  are 
promptly  dispatched  by  registered  mail  as  soon  as  received. 

During  the  year  several  depositories  have  been  added  and  reserve  sets  have  been 
contributed,  as  follows: 

The  Commonwealth  of  Australia,  the  seat  of  which  is  temporarily  at  Melbourne, 
was  added  in  December,  1901,  and  on  the  19th  of  that  month  68  boxes  were  shipped 
in  care  of  the  attorney-general  of  the  Commonwealth. 

On  September  4,  1901,  a  shipment  was  made  to  the  National  Library  of  Ireland  at 
Dublin,  consisting  of  81  boxes,  and  the  same  number  was  forwarded  to  the  Legisla- 
tive Library  at  Quebec  on  July  26,  1901. 

The  Legislative  Library  of  Manitoba  at  Winnipeg  was  placed  on  the  list  of  deposi- 
tories January  16,  1902,  but  only  selections  have  thus  far  been  provided.  It  is 
expected,  however,  that  a  more  liberal  contribution  will  be  made  when  the  addi- 
tional copies  provided  under  the  joint  resolution  of  March  2,  1901,  are  received  from 
the  Public  Printer. 

Respectfully  submitte<l. 

F.  W.  HODQB, 

Acting  Ourator  of  Exclumges. 

Mr.  S.  P.  L ANGLE V, 

Secretary  of  the  Smiilisonian  JnsCUtUion, 
July  1,  1902. 


Appendix  IV. 

REPORT  OF  THE  SUPERINTENDENT  OF  THE  NATIONAL  ZOOLOGICAL 

PARK. 

Sib:  I  have  the  honor  to  herewith  submit  the  following  report  relating  to  the  con- 
dition and  operations  of  the  National  Zoological  Park  for  the  year  ending  June  30, 
1902: 

At  the  close  of  that  period  the  approximate  value  of  the  property  belonging  to  the 
park  was  as  follows : 

Buildings  for  animals $71,000 

Buildings  for  administrative  purposes 14, 000 

Office  furniture,  books,  apparatus,  etc 3, 900 

Machinery,  tools,  and  implements 2, 200 

Fences  and  outdoor  inclosures •  25, 000 

Roadways,  bridges,  paths,  rustic  seats,  etc 80, 000 

Nurseries 1, 000' 

Horses 600 

Animals  in  zoological  collection 38, 000 

A  detailed  list  of  the  animals  in  the  collection  is  appended  hereto.  They  may  be 
classified  as  follows : 


. 

Indige- 
nous. 

Foreign. 

Domesti- 
cated. 

Total. 

MAnimii.1fi _ . 

337 
126 
122 

91 
68 
23 

78 
49 

606 

Birds 

232 

Reptiles 

^  145 

Total 

584 

172 

127 

888 

The  accessions  of  animals  during  the  year  have  been  as  follows: 

Presented 117 

Purchased  and  collected 73 


Lent 


13 


Received  from  Yellowstone  National  Park 17 

Received  in  exchange 23 

Bom  in  National  Zoological  Park 69 

Captured  in  National  Zoological  Park 2 


Total 314 

Besides  these  animals  about  50  gray  squirrels  were  purchased  during  the  year  and 
set  at  liberty  in  the  park. 

The  cost  for  purchase,  collection,  and  transportation  of  these  accessions  has  been 
$3,500.  Besides  this  there  has  been  spent  for  books,  photographs,  apparatus,  and 
office  furniture  the  sum  of  $1,900. 

The  appropriation  for  the  general  service  of  the  park  was  made  in  the  following 
terms: 

For  continuing  the  construction  of  roads,  walks,  bridges,  water  supply,  sewerage 
and  drainage;  and  for  grading,  planting,  and  otherwise  improving  the  grounos; 

73 
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erecting  and  repairing  buildings  and  incloeures;  care,  pnbgistencc,  purchase,  and 
transportation  of  animals;  including  salaries  or  compensation  of  all  necessary 
employees;  the  purchase  of  necessary  books  and  periodicals,  the  printing  and  pub- 
lishing of  operations,  not  exceeding  one  thousand  five  hundred  copies,  and  general 
incidental  expenses  not  otherwise  provided  for,  eighty  thousand  dollars;  one-half  of 
which  sum  shall  be  paid  from  the  revenues  of  the  District  of  Columbia  and  the  other 
half  from  the  Treasury  of  the  United  States;  and  of  the  sum  hereby  appropriated 
five  thousand  dollars  shall  be  used  for  continuing  the  entrance  into  the  Zoological 
Park  from  Cathedral  avenue  and  opening  driveway  into  Zoological  Park,  including 
necessary  grading  and  removal  of  earth.     (Sundry  civil  act  March  3, 1901.) 

Besides  the  regular  cost  of  maintenance,  the  following  alterations  and  additions  to 
the  buildings  and  grounds  have  l)een  defraye<l  from  this  appropriation  during  the 
year: 

The  flying  cage. — This  large  cage,  begun  during  the  last  year,  has  now  been  com- 
pleted and  fitted  with  rockwork,  planted  with  aquatic  and  other  plants,  and  sup- 
plied with  running  water  and  pools.  About  50  birds  are  at  present  in  the  cage  and 
it  is  hoped  to  increase  the  number  considerably  next  season.  The  cage  forms  a  very 
attractive  feature  of  the  park.  The  expenditure  from  this  year's  appropriation  in 
connection  with  it  is  about  $5,000. 

Addition  to  temporary  bird  house. — There  being  no  suitable  place  for  parrots,  of 
which  the  colle(*tion  inc1nde<l  a  cx>nHiderable  number,  a  room  for  them  was  added 
to  the  temporary  bird  house  and  divided  into  five  large  compartments.  Several  birds 
were  put  in  each  cage  and  they  have  much  improved  in  health  and  attractiveness 
since  this  disposition  of  them  was  made.     This  addition  cost  $700. 

Repairing  elephant  shed. — Attention  has  before  l)een  called  to  the  dilapidated  con- 
dition of  the  structure.  It  had  l)ecome  so  open  about  the  sides  that  it  could  not  be 
made  warm  enough  for  the  animal  in  cold  weather.  In  the  autumn  of  1901  a  layer 
of  heavy  building  felt  was  put  on  the  sides  and  this  was  covere<l  with  siding,  at  a  cost 
of  $250. 

An  appropriation  of  $20,000  was  asked  for  a  new  house  for  elephants  and  other 
pachyderms,  and  at  the  close  of  the  year  $10,000  was  appropriated  for  that  purpose. 
This  will  provide  for  only  a  small  house,  the  construction  of  which  will  l>e  at  once 
commenced. 

Cages  for  polar  and  Kodlak  bear. — Two  large  yartls  for  these  bears  were  begun  about 
the  close  of  the  year.  Each  will  be  about  40  feet  square,  with  secure  and  comfortable 
house  and  a  large  bathing  pool  attached.    The  cages  will  cost,  complete,  about  $1,800. 

Cage  for  eagles. — Shortly  before  the  close  of  the  year  a  cage  for  eagles  was  l)egnn, 
50  feet  by  27  feet  and  35  feet  high.  It  will  contain  a  pool,  a  mass  of  rock,  and  a  large 
tree  on  which  the  birds  may  perch.    The  cost  will  l)e  $1,000. 

Camivfyra  house. — The  large  floor  tank  for  alligators  having  liecome  decayed  and 
leaky,  a  new  tank  was  built  of  concrete.  A  lai^ge  case  was  also  constmcteil  in  this 
building  for  boas  and  pythons.  This  installation  is  not  suitable  for  either  the  alliga- 
tors or  the  snakes,  and  the  space  which  they  occupy  is  needed  for  other  purposes. 

Fountain, — At  the  Secretary's  suggestion  a  fountain  was  constructed  in  front  of  the 
camivora  house,  at  a  cost  of  $350. 

Driveway  from  Cathedral  avenue. — A  portion  of  the  fill  of  earth  requiretl  was  made 
from  the  appropriation  for  the  previous  year;  fill  was  completed  and  roadway  18  feet 
wide  built,  with  telford  base  and  top  dressing  of  crushed  stone.  A  small  amount  of 
work  was  also  done  at  the  ford  on  this  road.  Total  cost  $5,000,  the  amount  of  the 
special  appropriation. 

Adams  Mill  road. — By  reason  of  its  very  steep  grade,  this  road  is  difficult  to  main- 
tain. It  became  necessar>'  to  reshape  the  steep  portion ;  the  macadam  was  thoroughly 
loosened,  the  crown  of  the  road  remade,  adding  considerable  new  material,  and  the 
road  finished  with  a  new  surface  dressing  of  crushed  limestone. 

Connecticut  avenue  entrance, — ^The  roadway  on  Joliet  street  between  Connecticut 
avenue  and  the  park  entrance  was  completed  by  the  District  on  permanent  lines,  and 


Smitliianliin  Rapal,  I ! 
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L  Zoological  Park. 
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making  it  necessary  to  change  the  line  of  the  roadway  in  the  park  for  a  distance  of 
about  300  feet. 

A  walk  of  crashed  stone  wsfi  constracted  at  the  Adams  Mill  road  entrance  to  con- 
nect with  the  new  concrete  walk  laid  by  the  District  in  April  of  this  year.  Con- 
siderable work  was  done  on  other  walks  and  a  footbridge  was  erected  to  afford 
convenient  access  from  the  east  bank  of  the  creek,  near  the  upper  ford,  to  the  west 
bank  and  the  paddocks  near  by. 

Planting  was  carried  on  throughout  the  year.  A  screen  of  shrubs  and  small  trees 
was  net  about  the  shop  building  and  many  shrubs  and  vines  were  planted  around  the 
office  building  as  a  screen  and  for  ornament. 

Obiierratiouft  on  ftifin^  Inrih. — The  park,  though  full  of  interest  for  the  public,  is  not 
a  place  of  recreation  only,  for  though  one  of  its  primary  objects  is  the  instruction 
and  recreation  of  the  people,  another — indeed,  the  very  first  of  all  prescribed  by 
Congress — is  the  advancement  of  science,  and  for  this  latter  we  must  look  to  experi- 
ments in  the  future  for  which  we  have  not  means  to-day.  In  pursuance  of  a  purely 
scientific  problem,  the  park  has  recently  procured  optical  apparatus  for  determining 
the  interesting  problem  of  the  flight  of  the  soaring  bird  by  photographing  the  great 
buzzard  {QUhartes  aura)  simultaneously  from  two  adjacent  temporary  wooden  towers 
which  have  been  erected. 

The  following  are  the  more  important  accessions  to  the  collection  during  the  year: 

Gifts. — Dr.  F.  W.  (roding,  ITniteci  States  (!onsul  at  Newcastle,  New  South  Wales, 
shipped  several  lots  of  animals  by  sailing  vessels  to  San  Francisco  (thus  securing  free 
transportation ) .  Most  of  the  animals  died  during  the  long  voyage.  A  fine  spetrimeu 
of  dingo,  however,  arrived  in  good  condition,  and  a  fine  gray  kangaroo  and  brush- 
tailed  opossum  were  received  shortly  after  the  close  of  the  year.  Dr.  Goding  is 
exceptionally  well  placed  for  getting  animals,  takes  active  interest,  and  expects  to 
get  valuable  specimens.  He  has  been  asked  to  forward  future  consignments  by 
steamer  to  shorten  the  time  of  voyage. 

By  E.  H.  Plumacher,  Unite<i  States  consul  at  Maracaibo,  a  considerable  consign- 
ment of  animals  was  forwarde<l,  but  several  died  en  route.  A  monkey  and  a  fine 
specimen  of  two-toed  sloth  were  received  in  goo<l  order.  Other  animals  are  to  be 
sent  soon. 

From  Perry  M.  De  Leon,  United  States  consul-general  at  Guyaquil,  Ecuador,  a  fine 
lot  of  animals  was  received,  including  parrots,  a  toucan,  three  monkeys,  and  several 
smaller  animals.  He  also  forwanle<l  two  consignments  by  sailing  vessel,  but  these 
die<l  en  route. 

From  Solomon  Berliner,  United  States  consul  at  Teneriffe,  two  lanzarotte  pigeons 
and  two  choughs. 

From  J.  H.  Starin,  New  York,  six  harbor  seals. 

From  Oscar  J.  Craig,  president  University  of  Montana,  a  very  fine  lieaver. 

From  Stephen  CJheen,  Tower,  Minn.,  a  pair  of  Canada  lynx. 

From  August  Busck,  United  States  Department  of  Agriculture,  five  Cuban  boas. 

In  connection  with  animals  presented  by  Consul  Plumacher,  I  wish  to  acknowl- 
edge the  courtesy  of  Messrs.  Boulton,  Bliss  &  Dallet,  of  New  York,  in  furnishing 
free  transportation  for  animals  on  their  Red  D  Line  of  steamships  from  Maracaibo  to 
New  York. 

From  Capt.  John  L.  Young,  proprietor  of  Young's  pier,  Atlantic  City,  N.  J.,  a 
considerable  number  of  fish  were  obtained  for  the  aquarium.  Captain  Young  also 
kindly  assisted  the  agent  sent  by  the  park  to  procure  specimens. 

Yettoiaitcme  National  Path. — From  this  source  there  were  received  during  the  year 
four  antelope,  ^\q  mule  deer,  ^ye  elk,  two  cinnamon  bears,  one  grizzly  bear. 

The  acting  superintendent  of  the  Yellowstone  National  Park  sent  word  that  there 
was  opportunity  to  capture  a  grizzly.  A  steel  cage-trap  was  accordingly  constructed 
in  the  shops  of  the  National  Zoological  Park  and  shipped  to  the  Yellowstone.    A 
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fine  specimen  was  captured  in  this  trap  and  forwarded  to  Washington,  reaching  its 
destination  in  good  order. 

Exchanges. — Several  exchanges  were  effected  during  the  year.  Among  the  ani- 
mals obtained  were  the  following:  From  the  New  York  Zoological  Park,  a  very  fine 
male  axis  deer;  from  the  Zoological  Society  of  London,  a  young  female  yak;  jErom 
Thomas  W.  Gibson,  of  the  department  of  crown  lands,  Ontario,  Canada,  eight  black 
squirrels;  from  William  Bartels,  Ne^'  York,  a  female  Barbary  sheep  and  a  female 
IK)lar  bear. 

Births, — The  number  of  births  during  the  year  has  been  quite  satisfactory.  It  is 
gratifying  to  note  that  two  beavers  were  born  during  the  present  season. 

PurchaMs. — Under  your  instructions  very  special  efforts  have  been  made  in  the 
last  three  or  four  years  to  procure  a  Kodiak  bear.  The  animal  is  by  no  means 
exterminated,  but  has  fled  to  uninhabited,  difficult  regions,  where  it  can  not  be 
obtained  except  by  the  expenditure  of  an  inordinate  sum  of  money,  whereas  it  was 
formerly  procurable  in  relative  abundance.  A  young  male  was,  however,  procured 
during  the  present  year  through  the  cooperation  of  the  Alaska  Commercial  Com- 
pany. It  was  captured  on  the  mainland  directly  opposite  Kodiak  Island,  and  is 
believed  to  be  the  true  Ihrsus  middendorffii.  Efforts  are  being  made  to  get  more 
through  the  same  agency.  Considerable  rewards  for  additional  specimens  have  been 
offered  throughout  that  region  and  are  still  advertised,  though  so  far  without  results. 

After  years  of  effort  two  bighorn  or  Rocky  Mountain  sheep  have  been  procured 
from  western  Colorado,  one  within  the  present  year.  It  is  desirable  to  explain  that 
the  Institution's  extreme  difficulty  in  procuring  this  animal,  not  at  all  an  unfamiliar 
one  to  hunters,  arises  from  the  fact  that  the  Institution  proceeds  scrupulously  within 
the  law,  which  requires  a  pennit  from  the  authorities  of  the  State  in  each  case. 
This  is  charily  given,  in  some  cases  apparently  through  the  opposition  of  game  war- 
dens, who  seem  to  have  no  sympathy  with  the  Institution's  aims.  These  permits, 
while  only  obtained  with  great  difficulty,  are  given  for  a  brief  time  and  to  a  single 
individual.  The  whole  system  is  apparently  designed  with  a  proper  purpose  to  throw 
obstacles  in  the  way  of  procuring  game  by  unfit  persons.  It  actually  operates  to 
almost  absolutely  prevent  its  procurement  by  the  General  Government  through  insti- 
tutions or  persons  who  are  the  flt  recipients  of  the  game,  and  as  scrupulous  in  their 
desire  to  obey  the  State  laws  as  the  Smithsonian  Institution  is  in  its  capacity  as  guar- 
dian of  the  Government  interests  in  the  National  iSoological  Park.  Further  tlian 
this,  or  indeed  as  a  consequence  of  the  practical  refusal  of  permission  under  the  law, 
the  final  effect  is  that  nearly  the  only  animals  which  are  obtainable  are  those  for 
sale  by  persons  who  have  taken  them  in  defiance  of  the  law. 

Other  purchases  were  a  male  moose  and  a  pair  of  Columbian  black-tailed  deer 
from  the  International  Forest,  Fish,  and  Game  Association,  two  female  pumas  from 
northwestern  Wyoming,  two  young  California  condors,  a  female  South  American 
tapir  (as  a  mate  for  the  male  already  in  the  collection),  three  red  kangaroos,  and  a 
carabao,  or  Indian  buffalo,  from  the  Philippine  Islands  (under  recent  regulations  of 
the  Department  of  Agriculture,  to  prevent  the  introduction  of  ''surra,"  such  animals 
can  not  now  be  imported) .  A  stock  of  birds  was  obtained  for  the  flying  cage,  includ- 
ing a  pair  of  adjutants,  six  European  storks,  an  ibis,  and  other  birds. 

One  of  the  bears  procured  in  Alaska  for  the  park  in  the  simnmer  of  1900,  being  now 
old  enough  for  its  identity  to  be  determined,  is  found  to  be  the  Yakutat  bear,  Ihtuh 
daUi. 

Losses  of  animals. — Two  old  bull  bisons;  death  probably  due  to  old  age;  diagnosis 
gastroenteritis.  One  California  sea-lion,  from  pneumonia.  A  male  and  female 
moose,  from  gastroenteritis;  received  November,  1899,  died  December,  1901,  and 
March,  1902;  in  good  health  until  summer  of  1901.  Great  difficulty  is  still  experi- 
enced in  the  care  of  these  great  forest  animals.  Three  pronghom  antelopes,  includ- 
ing a  back  that  had  been  in  the  park  five  and  a  half  years.  One  young  elk,  killed  by 
an  old  bull. 
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From  the  effects  of  intestinal  parasites:  Three  Newfoundland  carihou,  a  litter  of  arctic 
foxes,  one  adult  fox,  and  one  mule  deer.  A  number  of  other  mule  and  other  deer 
were  affected.  These  parasites  were  probably  introduced  and  distributed  by  prowl- 
ing dogs.  In  order  to  extirpate  them,  the  mule  deer  were  treated  and  removed  to 
another  paddock;  their  former  paddock  was  then  disinfected  by  burning  over  the 
sur&ce  of  the  ground  with  a  surface  heater  such  as  is  used  in  repairing  asphalt 
pavements. 

Boundary  fence. — In  making  up  the  estimates  for  the  appropriations  for  the  next 
year,  as  for  the  past  several  years,  the  imperative  need  of  a  fence  was  again  urged  upon 
Congress.  No  special  appropriation  was  made,  however,  but  it  was  understood  that 
the  increase  in  the  regular  appropriation  might  be  devoted  to  this  purpose  if  the 
Seeietary  saw  fit. 

Attention  has  been  called  in  previous  reports  to  the  fact  that  no  adequate  provision 
far  faoosing  small  tropical  mammals  exists  in  the  park.  At  present  these  animals  are 
confined  in  small  cages,  which  are  sometimes  placed  on  the  top  of  others,  thus  injur- 
ing the  appearance  of  the  collection.  The  animals  are  also  deprived  of  adequate 
exercise.  Their  mortality  is  therefore  unnecessarily  great.  The  park  receives  every 
year  a  considerable  number  of  such  animals,  particularly  from  the  new  possessions  of 
the  United  States,  and  is  very  much  embarrassed  to  find  room  for  them.  For  those 
at  present  at  hand,  not  considering  any  future  additions,  there  is  required  a  space  of 
140  linear  feet  of  cages.  It  is  recommended  that  Congress  be  asked  to  appropriate  a 
sufficient  sum  to  build  a  suitable  house  for  tropical  mammals  where  they  can  be  kept 
in  better  health  and  comfort  than  they  are  now  able  to  enjoy. 

No  department  of  the  park  attracts  more  popular  interest  than  the  aquarium,  and 
its  educational  value  is  certainly  very  great.  The  present  installation  of  this  collec- 
tion of  salt-water  and  fresh-water  species  in  a  mere  temporary  shed  Ib,  however,  so 
entirely  inadequate  to  its  needs  that  I  would  urge  the  construction  of  a  suitable  build- 
ing fitted  with  permanent  tanks,  heating  and  refrigerating  apparatus,  and  open  pools. 

In  accordance  with  the  Secretary's  wish  to  see  a  laiger  development  given  to  the 
salt-water  ^una,  a  concrete  tank,  covered  with  a  glass  roof,  was  built  for  the  storage 
of  sea  water,  and  the  north  side  of  the  building  will  be  devoted  to  this  part  of  the 
exhibition.  A  new  filter  has  been  provided,  and  other  minor  improvements  have 
been  made. 

Another  important  need  is  a  reptile  house  where  the  great  tortoises,  crocodiles, 
alligators,  boas,  pythons,  anacondas  and  other  reptiles  belonging  to  the  collection  can 
be  exhibited,  and  where  other  specimens  obtained  from  time  to  time  can  be  housed. 
These  reptiles  are  now  plalced  in  the  same  house  with  the  lions,  tigers,  and  other  cats. 

The  park  very  much  needs  an  aviary  for  small  terrestial  birds.  The  present  bird 
house  is  almost  entirely  occupied  by  struthious  and  aquatic  birds,  the  song  birds 
being  wholly  unrepresented.  In  connection  with  such  an  aviary  there  should  be 
bmlt  a  flying-cage  of  moderate  size,  with  a  tunnel  of  cage  work  through  which  the 
public  can  walk,  surrounded  by  singing  birds  flitting  about  in  every  direction. 

The  collection  of  wolves  and  foxes  has  hitherto  been  kept  in  a  series  of  temporary 
pens  near  the  principal  animal  house.  These  inclosures  are  far  from  satisfactory,  as 
they  soon  become  dilapidated  and  permit  the  animals  to  dig  out  or  break  through. 
New  and  permanent  quarters  for  these  animals  should  be  erected  in  some  suitable 
part  of  the  park. 

The  sea-lions  and  seals  now  in  the  park  are  not  provided  with  proper  quarters. 
As  the  turbidity  of  the  water  in  the  laige  pool  seriously  injured  them  they  have 
recently  been  confined  in  cages  built  for  the  bears  near  the  Quarry  Road  entrance. 
They  have  here  only  very  small  basins  of  water  and  are  not  able  to  swim  about  at 
all.    Houses  and  a  pond  of  filtered  water  should  be  provided  for  them. 

The  attendance  of  visitors  at  the  park  has  been  steadily  increasing.  At  present  the 
avera^  daily  number  of  visitora  is  laiger  than  ever  before,  and  on  several  occasions 
30,000  persons  have  been  in  the  park  in  a  single  day.     This  increase  in  attendance 
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further  emphasizes  the  need  for  more  efficient  restaurant  facilities.  At  ]>resent  there 
IH  no  suitahle  restaurant,  only  an  open  pavilion  where  candy,  crakes,  and  light  l)ever- 
2^]^  are  sold.  As  the  park  is  at  a  considerable  distance  from  the  city,  the  absence  of 
21^  properly  equipped  restaurant  is  a  great  inconvenience  to  those  wishing  to  spend  the 
<J»y  ^  it,  particularly  if  they  are  accompanied  by  children.  The  erection  of  a  public- 
eotnfort  building  especially  equip{)ed  for  ladies  and  children,  and  with  a  restaoiant 
attached,  is  therefore  very  desirable. 

It  would  be  much  more  satisfactory  as  well  as  less  expensive  if  sufficient  appro- 
priatioiis  could  be  made  to  pro\ide  permanent  buildings  as  rapidly  as  they  are 
required  by  the  public  needs  and  the  gro^'th  of  the  cjllection.  At  present  a  con- 
sideraUe  part  of  the  appropriation  has  to  be  spent  each  year  in  repairing  temporary 
stmctoies.  The  park  has  now  been  in  operation  long  enough  to  safely  determine 
where  permanent  improvements  should  l)e  placed. 

The  principal  ol^ject  for  which  the  park  was  originally  instituted  was  the  preservar 
tion  of  our  national  game,  especially  that  which  is  becoming  extinct.  This  has 
been  represented  to  Congress,  but  as  yet  no  special  provision  has  been  made  for  it. 
According  to  your  recommendation  an  appropriation  will  again  be  asked  for  collect- 
ing and  preserving  some  of  the  great  land  and  marine  specimens  of  our  western 
territory  now  rapidly  disappearing.  Experience  has  abundantly  proved  that  8uch 
wild  creatures,  unaccustome<l  as  they  are  to  the  sight  of  man,  can  not  projiterly  be 
transported  immediately  after  capture,  as  they  are  likely  to  seriously  injure  them- 
selves or  even  to  die  of  fright  if  some  means  are  not  taken  to  gentle  them  or  accus- 
tom them  to  being  handled.  I  can  therefore  entirely  agree  to  the  value  of  the 
method  you  have  proposed  of  establishing  some  small  station  or  stations  in  Alaska 
where  there  are  yet  found  specimens  of  the  Kodiak  l)ear,  the  great  moose,  the  wal- 
rus, the  fur  seal,  and  possibly  other  laige  (*reatures.  They  could  there  be  confined 
and  kept  amidst  familiar  scenes  and  be  fed  upon  their  natural  food  while  l)econiinp 
more  accustomed  to  the  sight  of  man  and  more  tractable.  The  expenditure  for  such 
stations  would  be  slight 

I  have  already  mentioned  that  after  years  of  effort  the  i>ark  has  at  last  procured 
one  Kodiak  bear  cub.  Bears  as  a  rule  do  not  breed  freely  in  captivity,  but  it  is  most 
desirable  to  try  the  exi)eriment,  under  such  favorable  conditions  as  the  park  may 
affonl,  and  I  hope  that  more  animals  of  this  s])ecies  may  lie  obtained. 

I  close  with  a  list  of  the  animals  of  the  park  on  June  .'M,  1902,  and  with  a  reiterar 
tion  of  the  statement  that  the  park  is  nevertheless  not  filling  its  principal  function 
until  it  can  maintain  ami  preserve  for  posterity  the  most  important  specimens  of  the 
great  vanishing  fauna  of  this  country,  and  particularly  of  Alaska. 

Animals  in  Xatiotutl  Zixdogirnl  Park,  June  .iO,  I'.iOJ. 


Name. 


MAMMA  L8. 

North  American  tpeeiet. 

American  bison  (Biaon  amerieanut) ... 
Pnmg-hom      antelope     (AntUoeapra 

tuntriciMna) 

Roeky  Mountain  sheep  (Orit  cana- 

dauU) 

Viil^ia  deer  {OdocoOau  rirginianus) 
Columbia  black-tailed  deer  ( OdocoUeu* 

colttinManiw) 

Mule  deer  {OdocoOau  henUoMu) 

Cuban  deer  (OdocoOru*  ftp.) 


Number. 


Name. 


9 
4 

2 
10 

1 
9 


NlllIltKT. 


MAMMALH— continued . 

yorth  American  irpccie* — Continued. 

American  elk  ( Orru«  canadentU) 

Woodland  caribou  (Rangifcr  caribou). 
Newfoundland  caribou  (Hangifer  Ur- 

rarwcx) 

Moose  {Alce$  americantu) 

Collared  peccary  ( Ttayawu  angviaium) 

Puma  (FcUm  concolor} 

Ocelot  {mitpardalit) 

Yagnamndi  ( /Wis  yagouarmmdi) 

Eyra  [FdiMcyra) 


22 
I 

I 
1 
S 
8 

ft 

2 
1 
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Animals  in  yaiumal  Zoological  Parkj  June  SOy  1902 — Contiiiue<l. 


Name. 


MAMMA  I.S— continued. 

Norih  American  «peci«»— Continued. 

Bay  lynx  {Lynx  ru/tu) 

Spotted  lynx  {Lynx  rvjus  maculatu») . . 
Florida  lynx  {Lynx  rvjus  fLoHdanus) . . . 

Bailey's  lynx  {Lynx  baUeyi) 

Canada  lynx  {Lynx  canadentis) 

Gray  wolf  {Oania gruewi) 

BlBck.  wolf  {Cants griaeug) 

Coyote  ( Oanis  latrans) 

Red  fox  {Vulpes/ulvw) 

Crocs  fox  ( Vulpes  Julvws) 

Arctic  fox  (  Vfdpc*  lagojmg) 

Swift  fox  ( VtUpes  velox) 

Gray  fox  (  Urocyon  cincrcoargenteus)  . . . 
North  American  otter  ( LtUra  hudsotiica) 

American  badger  ( Taxidca  taxus) 

Kinkajon  ( 7bto«  caudivolvtdus) 

American  civet  cat  ( BcusarigcufasttUug) 

Gray  coatimnndi  ( Xama  narica) 

Raccoon  {Procyon  lolor) 

Block  bear  (  Vmu  americanus) 

Cinnamon  bear  ( Unus  americanus) 

Grizzly  bear  (  Vrsus  hinribUis) 

Yakutat  bear  {UrsusdaUi) 

Kodiak  bear  (  Vrsus  middendorffl) 

Polar  bear  ( Thalaretos  maritimus) 

California  sea  lion  {Zahphus  caHfomi- 

anus)  

Steller's sea  lion  {Eumetopias  sUlleri) . . 

Harbor  seal  {Phoca  vUulina) 

Common  pocket  gopher  ( Geomys  bur- 

sarius) 

California  jK^cket  gopher  (  Thomomys 

fwttac) 

Mountain  pack-rat  ( Scotoma  cinerca) . . 
American  beaver  ( Castor  canadensis) . . 

Hntia-conga  ( (Japromys  pilorides) 

Woodchnck  {Arctomys  mcnax) 

Prairie  dog  {Cynomys  ludoHeianus) 

Southern  fox  squirrel  {Sciurus  niger).. 
Western  fox  squirrel  {Sciuntsludoviei' 

anus)  

dray  Hquirrel  {Sciurus  cardincnsis) 

Black  squirrel  {Sciurus  carolincrms) . . . 
Mountain  chipmunk  ( Thmiasspeciosus) 
Beechey's    ground  squirrel  {Spermo- 

phUus  grammurus  beechcyi) 

Antelope  chipmunk  {SpermophUusleu- 

curus) 

Northern  varying  hare  {Lrpus  ameri- 

ainus) 

Peba  armadillo  ( Tatu  novemcinetum) . . 
Oposom  {Diddpkys  marsupiaUs) I 


Name. 


Number. 


2 
1 
2 
1 

10 
3 
6 
6 
1 

12 
G 
4 
2 

a 

2 

1 
1 

27 
(> 
•1 
3 
1 
1 
2 

1 
1 
6 


2  ' 
2 

8  ■ 
9 
1 

37 
3 


8 
23 
10 
18 


ii 


9 
6 


MAMMAUB — continued. 
Ikmicstioatcd  and  foreign  species. 

Orivet  monkey  {Ctrcopiihecus  griseo- 

viridis) 

Macaque  monkey  ( Macacus  cynomolgus) 

Bonnet  monkey  ( Macacus  sinicus) 

Pig-tailed    monkey    {Macacus  nemes- 

trinus) 

Japanese  monkey  {Macacus  ^peciosus). 

Black  ape  ( Cynopitfteeus  niger) 

Black-handed  spider  monkey  {Ateles 

gcoffroyi) 

Apella  monkey  ( Oebus  apeUa) 

Capuchin  ( Cebus  capucinus) 

Ruffed  lemur  {Lemur  varius) 

Lion  {Felisleo) 

Tiger  (/Wm  <i{;rrM) 

Leopard  (/Wis parriu«) 

Spotted  hyena  {Hyaena  crocuta) 

Striped  hyena  ( Hysnm  striata) 

Wolfhound 

St.  Bernard  dog 

Pointer 

Bedlington  terrier 

Smooth-coated  fox  terrier 

Wire-haired  fox  terrier 

Eskimo  dog » 

Bear  cat  ( Arctictis  hitUurong) 

Mongoose  ( Jlerjfrstcs  mungo ) 

Tayra  ( Galictis  barbara) 

Red  coatimundi  ( Xasua  ruja ) 

Crab-eating  raccoon  {Procyon  cuncri- 

vora) i 

Japanese  bear  (  Urstts  japonicus) 

Sun  bear  (  Ursus  malayanus) 

Sloth  bear  {Mclursus  labiatus) 

European  hedgehog  {Erinaceus  curo- 

pseus) 

Wild  boar  {Susscrqfa) 

Solid-hoofed  pig  {Sus  scro/a) 

White-lipped  peccary  {Tayassu  afbi- 

rostris) 

Zebu  {Itos  indicus) 

Carabao  (l?o«  bubalus) 

Yak  ( Pofphagua  grunniens) 

Barbary  sheep  ( Ovis  tragelaphus) 

Common  goat  {Oapra  hircus) 

Cashmere  goat  {Capra  hircus) 

Nilgau  {Bosdaphus  tragocamelus) 

Indian  antelope  {AntiJope  crrvicapra).. 

Sambur  deer  ( Cervus  aristoieiis) . . . . 

Philippine  deer  {Cervus philippinus)... 

Axis  deer  {Cervus  axis) 

Fallow  deer  {Dama  vulgaris) 


1 
4 

1 

8 

1 
1 

1 
1 
4 
2 
5 
2 
2 
1 
2 
2 
1 
1 
1 
3 
1 
2 
1 
1 
1 
2 

2 
1 
8 
1 

1 
2 
1 

1 
5 
1 
2 
2 
9 
4 
2 
2 
1 
1 
1 
4 


80 


REPORT   OF   THE   SECRET  ART. 


Animals  in  NaUonal  Zoological  Part^  Jwu  S*j,  190S — CoDtinoetl. 


Name. 


Number. 


X*ne. 


Number. 


I 


MAM  mi  Lf>— coDtlnned. 

Dvmaiieaitd  and/orriffm  tperia—iTVd. 

Common  camel  ( QMmehts  dromedariua) . 
Bactrbin  camel  {Ckiwtehu  baciriammt)  .. 

Llama  ( Amekemia gUnmay 

Bonth  American  tapir  ( Jhpinu  amni- 

eantu) 

Donkey  ( Equiu  ctsintu) 

Indian  elephant  ( Elepheu  indiau) 

Ecuador  squirrel  {Sdunuvp) 

Crested  agouti  (Auyprocia  criifafo) . . . 
Mexican  agouti  ( Ikuyproeta  mexieana) 
Hairy-ramped     agouti      (Ikufpncla 

pfywtmolopha) 

Azara's  agouti  {Datyproda  asarst\ 

Acoucby  (HoiKprocfaaarairAy} 

Golden  agouti  (DoMyproda  aguH) 

Albino  Tat(Jrtt«rattiM) 

Crested  porcupine  [Hyttrix  critUda ) . . . 

Guinea  pig  ( Oirid  porcdhu) 

English  rabbit  (Lepu*  euntcuttu) 

Two-toed  sloth  ( Chokqnu  didactyltu) . . 
8ix-banded  armadillo  {Da$yptu  tex- 

einChu) 

Great  gray  kangaroo  {Maenpua  gi-  ' 

gantau) 

Red  kangaxxw  (JfarroptMn^/'iu) 

Brush-tailed  rock  kangaroo  {Pttrogale  , 

padeOlata) 

I 

BIRDS. 

Road  runner  (Oeocoeqfz  califomianu») . 

Toucan  {Ramphcutos  tocard) | 

Bulphur- crested    cockatoo    {OaeaiHa  I 

galerila) 

Leadbeater's  cockatoo  {CaaUua  lead-  , 

beateH) 

Roseate  cockatoo  ( Oaeatua  roteicapUla) 
Yellow  and  blue  macaw  (^ra  ararau-  ' 

nea) 

Red  and  yellow  and  blue  macaw  {Ara  ' 

maeao) ' 

Red  and  blue  macaw  (Ara  ehioroptera) . 
Hyaclnthine  macaw  {Anodorhjfnehvs 

hjfacinthinuM) 

Chattering  lory  ( Lorius  ffurruius) 

Green  paroquet  (CbnuriMsp.) 

Carolina  paroquet  ( Qmunu  canlinen- 

•i») 

Yellow-naped  amazon  {Amazonaauro- 

paBiata) 

White-fronted  amazon  {Ai..^^na  ten- 

'  eocephala)  

Double  yellow  head  ( Amaxona  orairix) . 
Mealy  amazona  ( Amauma  /orinosa) . . . 


2. 

1 

5 

2 
1 
1 
1 
1 
2 

1 

3 

3 

2 

5 

3 
14 
17 

1 


3 
3 


1 

1 

I 

< 
4  I 


3! 

I 
I 
2 

1 


1 
2 

2 

3 


3 
3 

1  : 


Great  horned  owl  { Bwito  vtrpniiainwK . 

Barred  owl  ( Sfft  nium  mAmi0mKm  \ 

Barn  owl  {Strix pratiiMoia) 

Bald  eagle  ( EUtianhu  iemeoeephaiu*\ . . . 

Harpy  eagle  ( TkrataitmM  harpffia) 

Golden  eagle  {AqmOa  ckrytaetot) 

Crowned  hawk  eagle  {^tixaitus  coro- 

natna)  

Red-taOedhawkf^tfleDborralw)  

Califtnnia  condor  ( Gfwmoffypt  caitfor- 

miatnu) 

Turkey  vulture  {Calhartet  aura) 

Black  vulture  (Oaikarutaairata) 

King  vulture  {Gypagua papa) 

Lanzarotte  pigeon  ( Oohamba  Kvia ) 

Ringdove  {Oohtmbapaiambiiu) 

Nicobar  pigeon  ( OabnoM  nioAariea  > . . 
Chachalaca  ( OrtaKM  tetula  maceaOii)  . . 
Red-tailed guan  {OrtaiiM ru/bnuda) .... 
Daubenton's  curaaow  (Ooz  danbcn- 

Umi) 

LesKr  razor-billed  cursMow  {MUwa 

tomaUomi) 

'Peaiowl  (ParoeriMlahu) 

Valley  partridge  ( QtOipepla  col^ontiea 

vaBieola) 

Mountain  partridge  ( Oreorfyz  pichu) . . 

Sandhill  crane  ( Gra$  wtexieana) 

Whooping  crane  (Gnu  awierieana) 

Green  heron  (Ardea  virtaceru) 

Little  blue  heron  ( Ardea  ctmtira) 

Great  blue  heron  (^niraArrodiot) 

Black-crowned   night    heron  (Xyeti- 

eorax  nyctieorax  nxtritu)  

BoatbUl  ( Co^eariut  eoehleariw) 

White  stork  (Oicoiiiaa/ba) 

Black  stork  (CSetmia  nigra) 

Marabou  stork  (LeploptUut  erumenif- 

eru$)  

White  ibis  ((TaoraoOa) 

Wood  ibis  ( Tbnlo^us  foctttofor) 

Trumpeter  swan  ( Olor  huccinator) 

Whistling  swan  ( Olor  colvtmbianut) .... 

Mute  swan  (Cj/gnnt  gfftbva) 

Brant  (Brania brmiela) 

Canada  gooDc  (Brania  eanadentU) 

Hutchin's  goose  (Branta  eamadentis 

huUMnfU) 

Chinese  goose  (^ficeTeyim<><tf««) 

Greater  snow  goose  (Chen  hyperborra 

nivaii») 

Wood  duck  (^KXfpofua) , 

Mandarin  duck  (Dendronetta  gaUnc- 

ulata) 


11 
2 
2 

12 
1 
3 

1 

2 

3 
6 
1 
1 
3 
3 
1 
2 
1 


I 
27 

2 
1 
8 
1 
2 
2 
8 

10 
1 
4 
2 

2 
2 
6 
5 
1 
2 
2 
6 

I 
2 

2 
4 
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AnimaU  in  National  Zoological  Park,  June  SOy  1902 — Continaed. 


Name. 


BIBD6 — continued. 

Pintail  {DafiiaaeuUi) 

Pekin  duck  {Anaasp.) 

Mallard  duck  {Anathosehas) 

Common  duck  {Aruu  bo9chaa) 

American    tree    duck    (Dendrocygna 

discolor) 

American    white  pelican    (Pelecanus 

enfOtrorhynchoa) 

Brown  pelican  {Pelecantu/uteiu) 

Florida     cormorant     {Pkalacrocorca 

dUophus  ftoridanus) 

Snake  bird  (Anhinffo  anhinga) 

Common  rhea  {Rhea  ameruxma) 

Cassowary  ( OoMiarius  ausiraiis) 

Emu  ( Dromsnu  fwvm-hoUandix) 

REFTILEB. 

Alligator  (AUigator  mistiBtnppiensia) . . . 
American  crocodile  ( Crocodilus  ameri- 

canutt) 

Painted  turtle  ( Chrytemya  picta) 

Musk  turtle  (Aromochdys odorala) 

Mud  turtle  (Cinosf^mum  penn^lrani- 

rum) 

Terrapin  {Pteudemys  sp. ) 

Gopher  turtle  (Xrro6ai<'«po/ypAemt«) 

Box  tortoise  ( Cisiudo  caTolina) 

Three-toed  box  tortoise  ( CUAudo  triun- 

ffuU) 


Number. 


1 

2 

2 
o 


5 

3 
2 
1 
3 


Name. 


\ 


Number. 


15 

2 
r; 

2 

5 
1 

ij 

2  ! 


REPTILES— continued. 

Painted  box  tortoise  {Cintudo  omata).. 
Duncan  Island  tortoise  ( Testudo  epkip- 

pium) 

Albemarle    Island   tortoise    (Testudo 

vicina) 

Brazilian  tortoise  ( Tatudo  tabulata) . . . 

Comb  lizard  ( Ctenomura sp.) 

Alligator  lizard  (Scdoportu  sp. ) 

Homed  lizard  (Phrynowma  comutum) . 

Glass  Fnake  ( Ophiogaurtu  vcntmlU) 

Gila  monster  {Ildoderma  auspectum)... 
Diamond  rattlesnake  {Crotalits   ada- 

manteus) 

Copperhead  {Ancigtrodon  contortrix) . . . 
Water  moccasin    {Ancutrodon  pUci- 

voma) 

Cuban  tree  boa  {Epicraies  an;fvlifer) . . . 

Common  boa  (Boa  congtrictor) 

Anaconda  {Eunectes  murinu«) 

Bull  snake  ( Piiyophis  myt  myi) 

Black  snake  ( Bascanium  conftridor) . . . 

King  snake  (Ophibolug  getiUtu) 

Milk  snake  (Opkibolue  doliatm) 

Garter  snake  {Eutxnia  nrtalis) 

Water  snake  ( Satrix  sipedon ) 

Hog-nosed  snake  (Heterodon  pUUyrhi- 

nun) 

Gopher  snake  {Spilotes  coraie  eouperii). 


5 
2 
2 


2 

4 

3 

5 
12 
2 
9 
9 
4 
1 
2 
3 

1 
6 


List  of  accessions  for  the  fiscal  year  ending  June  SO^  1902. 


ANIMALS  PRESENTED. 
* 


Name. 


Donor. 


Cebua  monkey 


Number. 


W^hiie-throated  capuchin 
J)o 


E.  H.  Plumacher,  United  States  consul,  Maracaibo,  Venez- 
uela. ' 

Mrs.  M.  T.  Battle,  Rocky  Mount,  N.  C 

Perry  M.  de  Leon,  United  States  consul-general,  Guayaquil, 


Canada  lynx 

Cross  fox 

Grayfox 

5Iongoo6e 

Raccoon 

Do 

Harbor  seal 

Common  goat . . . 

Donkey 

Black  squirrel... 
Ecuador  wiuirrel 


Pnuriedog 

^  1902^ 6 


N.  £.  fiUimer,  fihogor/'Me  

Mi8.  G.  W.  Giimer,  Howaid&iSHc/  Vji 

S.  D.  Nixon,  fisltbnore,  Md . 

H.  Burrows,  Wariiington,  J>.  C ,^ .^— .-^ 

C.  H.  Ehrhardt,  WasbiDgton,  D.C 

John  H.  Starin,  Glen  Island,  N.  Y .-^....^ 

E.  G.  Sogers,  W^ashington,  D.  C i. 

Mia.  L.  O.  Leary,  Washington,  D.  C _ 

MissM.  C.  H.  Piekett,  Mazshville,  Ontario 

Perry  M.  d^Xeon,  United  States  conml-geoeral,  ^unr^dgntl. 

^Ecuador. 
Dr. ^«00|kb  J^rice,  BhiUidfilphia,  £a. ..s. ......*..; 


1 
1 

a 
-1 
-J 

a 
e 

1 
1 

2 

1 
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IaM  €/ aecaticmM  for  thejigcal  year  ending  Jun^  -iO,  1902 — CootinoecL 

ANIMALS  FRESEXTED— rootinned. 

Donor.  Nnmber. 


American  be»rer Oncar  J.  Crmi^.  prerident  rnivenatv  of  Mootan*.  MmvhiIa. 

Mont. 

HntiA'OWgB Lawrence  O.  Wilkin*,  Wa'^iinirtoD,  I».  C 

Mountain  pack  irnt James  Fullerton,  Red  Lnd^.Moat 

Aaum'Ji  flgoati Perry  M.  de  Leon.  United  States  consnl-^meraL  Guayaquil. 

Ecuador. 

Canada  pomipine G.  Dewitt,  Alexandria  Bay.  N.  Y 

Two-toed  sloth E.  H.  Flomacher.  United  States  consul,  Maracaibo,  Venez- 

aela. 

Nine-banded  annadillo F.  Haidman.  San  Antonio.  Tex 

OpoMum The  President  of  the  United  Sutes 

Do J.  H.  Cimnford,  Washington.  D.  C 

Common  crow P.  H.Willis.  Washington.  D.  C 

Black-headed  Jay James  Fnllerton.  Red  Lodge.  Mont 

Chough StdMnon  Berliner,  United  States  consul.  Teneriffe.  Canary 

Islands. 
Toncan Perry  M.  de  Leon,  United  States  consul-geneml.  i vuayaijuil, 

Ecuador. 

Holphnr-crested  cockatoo  ...    Mm.  A.  L.  Barber.  Washington.  D.  C 

Yellow-naped  amacon Perry  M.  de  Leon,  United  States  eonsul-genenl.  Guyaquil , 

Ecuador. 

Barred  owl Major  J.  S.  Turner,  Washington,  D.  C 

Sparrow  hawk Prank  Fabri,  Lombard.  Ill 

Lanxarotte  pigeon Solomon  Berliner,  United  States  consul.  Teneriffe.  i^nary 

Islands. 

Nioobar  pigeon D.  A.  Barnes,  Washington,  D.  C 

Daabenton's  caraasow \  Hon.  Charles  H.  Allen. governor  of  Porto  Rico.  Lowell.  Mam.' 

Great  blue  heron J.  L.  Murphy,  Washington.  D.  C 

Little  blue  heron Peny  M.  de  Leon.  United  States  consul-geneml.  (juyaquil.  | 

Ecuador. 

Black-crowned  night  heron .   Donor  unknown 

Wood  ibis A.  M.  Nicholson,  Orlando,  Fla ' 

Greater  snow  goose Dr.  A.  M.  Reed,  Washington,  D.  r 

Alligator Mn».  A.  Lancaster,  Washington,  D.  C 

Do Dr.  C.  B.  Campbell,  Washington,  D.  C ' 


Homed  lizard £.Meyenberg,  Pecos,  Tex 21 

Iguana Donor  unknown  (through  Major  F.  Ton  Schrader, U.S.  A.)  . 

Mexican  comb-lizard L.  M.  O'Leary,  Washington,  D.  C 

Gila  monster Dr.  M.  M.  Crocker,  Lordsburg.  N.  Mex ' 

Handed  rattlesnake J.  D.  Powell,  Harpers  Ferry,  W.  Va 

Do George  W.  Colles,  Washington,  D.  C I 

Do O.  Pulliam,  Harrodsburg.  Ky 

Water  moccaafn A.  M.  Nicholson,  Orlando,  Fla 

Copperhead C.  H.  Rreh,  Frederick,  Md i 

Do J. G. Dudley,  Friendship, N.C I 

Tree  boa Donor  unknown  (collected  in  Porto  Rico)  

Cuban  tree  boa August  Busck,  Washington,  D.C 

Black  snake H.M.Sandford,  Washington.  D.C 

Do G.  Pulliam,  Harrodsburg,  Ky 

King  snake Dr.  L  W.  Blackburn,  St.  Elizabeth,  D.  C 

Do '  F.McGrath,  Washington,  D.C 

Garter  snake United  States  Patent  Office 

Do Donor  unknown 

Water  snake i  United  States  Patent  Office 


—  —     ^ 
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List  of  dccemons  for  the  fiscal  year  ending  June  SO,  1902 — Continued. 

ANIMALS  LENT. 


Name. 


Donor. 


Black-handed  spider  mon-     Mrs.  Nathaniel  Page,  Chevy  Chase,  Md . 
key. 

Do !  M .  Magrader,  Washington ,  D.  C 

Cebu8 1  Perry  M.  do  Leon,  United  States  consul-general,  Ouyaquil, 

Ecuador. 

Yellow  and  blue  macaw Hon.  W.  B.  Ridgeley,  Comptroller  of  the  Treasury 

Uyacinthine  macaw Miss  Ethel  Roosevelt,  Washington,  D.  C 

Chattering  lory Capt.  H.  G.  Lyon,  U.  S.  Army 

Yellow-naped  amazon Mrs.  A.  B.  Williams,  Washington,  D.  C 

Do Perry  M.  de  Leon,  United  States  consul-general,  Guyaquil, 

Ecuador. 


Number. 


1 
2 

1 
1 

2 
1 
4 


ANIMALS  RECEIVED  IN  EXCHANGE. 


Polar  bear 

Striped  hyena 

Yak 

Aoudad,  or  Barbary  sheep 

Common  goat 

Axis  deer 

Southern  fox  squirrel 

Black  squirrel 

Nicobar  pigeon 


William  Bartels,  New  York 

Frank  C.  Bostock,  Boston,  Mass 

The  Zoological  Society,  London,  England 

William  Bartels,  New  York 

E.  S.  Schmid,  Washington,  D.  C 

New  York  Zoological  Park,  New  York 

E.  S.  Schmid,  Washington,  D.  C 

Thomas  W.  Gibson,  superintendent  for  parks,  department 

of  Crown  lands,  Ontario,  Canada. 
William  Bartels,  New  York 


1 
2 
1 
2 
3 
1 
3 
8 


ANIMALS  PURCHASED  AND  COLLECTED. 


Name. 


Pig-tailed  monkey  {Macacus  nancstri- 
nus) 

Japanese  monkey  ( Matacum  tpcciosns) . 

Ruffed  lemur  ( Lemur  varim) 

Puma  {Fdi»  ctmcolor) , 

Yaguarundi  cat  {Fdis  yagotiarmtndi) . . 

Eyracat  {FetUeyra) 

Bay  lynx  (Lynx  ruftu) 

Florida  lynx  (Lynx  rufutjloridantu) . . . 

Bailey's  lynx  ( Lynx  baileyi) 

Striped  hyena  {Hyama  striata) 

Gray  wolf  ( Cani»  grueut) 

BeBXceX(Ar(AictiMhiiduTong) 

Kodiak  bear  (  Lr«u«  middendorffi) 

Japanese  bear  (  Umujaponieut) 

Sun  bear  (Ursusmalayanus) 

Collared  peccary  ( Tayattu  angulatum) .  j 

Carabao  ( Bo9  bubaltu) 

Rocky  Mountain  sheep  ( Oris  canadai- 
«/*) 

Columbia  black-tailed  deer  ( OdocoHeus 
columbianut) 

Ar  sdeer  (Oennuaxit) 


Number. 


•2 

1 
o 

2 

1 

4 

2 
•} 

1 
2 
1 
1 
1 
2 
3 

1 
1 


Name. 


2 
1 


Fallow  deer  ( Varna  vulgaris) 

Moose  {Alces  americanus) 

South  American  tapir  ( Tapirus  ameri- 
canus)   

American  beaver  (Castor  canadensis) . 

Nine-banded  armadillo  ( Tatu  navem- 
cinctum) 

Red  kangaroo  (Macropus  ru/us) 

Golden  eagle  (AquHa  ckrysartos) 

California  cond<»r  (Gymnogyps  califor- 
nianvA) 

White  stork  (Oi<»niaafl)a) 

Black  stork  ( Ciconia  nigra) 

Marabou  stork  (LeptojHilus  crumenif- 
ertis) 

Wood  ibis  ( Tantalus  locuUUor) 

Trumpeter  swan  ( Ohr  buccinator) 

Wood  duck  (Aix  sponsa) 

Cassowary  ( Oasuarius  australis) 

Diamond  rattlesnake  (Crotalus  ada- 
manieus) 

Gopher  snake  (SpUctes  ccraia  couperif) 


Number. 


2 
1 

1 

1 

2 
3 

1 

2 
4 
2 

2 
4 
2 
4 

1 

1 
6 
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List  of  accessionttfor  the  fiscal  year  ending  June  SO^  190^ — Continued. 

ANIMALS  BORN  IN  THE  NATIONAL  ZOOLOGICAL  PARK. 


Name. 


Lion  {Felii  leo) 

Gray  wolf  ( Oanis  griseus) ^ 

Arctic  fox  ( Vulpes  topoptM) 

Virginia  deer  {OdocoUeus  virginianua) . 

Elk  ( Oenme  canadensis) 

Fallow  deer  {Dama  vulgaris) 

Llama  {Aticfienia  glama) 


Name. 


Number. 


Prairie  dog  ( Cynomys  ludovicianua) . . . 
American  beaver  ( Castor  canadensis) . 

Hutia-conga  ( Capromys  piloHdes) 

Acouchy  ( Dasyprocta  aeouchy) 

Brush-tailed  rock  kangaroo  ( Petrogale 

penieiUata) 

Bull  snake  {PUyopkis  sayi  sayi) 


5 
2 
5 
1 

2 
26 


ANIMALS  CAPTURED  IN  THE  NATIONAL  ZOOLOGICAL  PARK. 


Name. 


Raccoon  {Procyon  lotor) 


Number. 


ANIMALS  RECEIVED  FROM  THE  YELLOWSTONE  NATIONAL  PARK. 


Grizzly  bear  ( l}rsus  horriJbUis) 

Cinnamon  bear  ( Vrsus  americanus) 

Prong-horn  antelope  {Antilocapra  americana) 

Mule  deer  {OdocoUeus  hemionus) 

Elk  ( Cervus  canadensis) 


V 


1 
2 

4 
5 
5 


SUMMARY. 


Animals  on  hand  July  1, 1901 

Accessions  during  the  year 

Total 

Deduct  loss  (by  exchange,  death,  and  returning  of  animals). 

On  hand  June  30, 1902 , 


878 
314 


1,192 
309 
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Respectfully  submitted. 

Mr.  S.  P.  Langley, 

Secretary  of  the  Smithsonian  Institution. 


Frank  Baker,  Supenntendeni. 


Smithsonian  Astropi 


oPHYSicAL  Observatory. 


Appendix  V. 

REPORT  OF  THE  WORK  OF  THE  ASTROPHYSICAL  OBSERVATORY  FOR 

THE  YEAR  ENDING  JUNE  30,  1902. 

Sir:  The  kinde  and  amounts  of  the  Observatory  property  are  approximately  as 
follows: 

Bandings $6,300 

Apparatus ; 33,300 

library  and  records 6, 000 

Total : 46,600 

During  the  past  year  the  acquisitions  «f  property  of  the  kind  just  enumerated  have 
been  as  follows: 

(a)  ApparatiLS. — Astronomical  and  physical  apparatus  has  been  purchased  at  an 
expenditure  of  $2,000. 

(b)  Library  and  records, — The  library  has  been  enlarged  by  the  addition  of  periodi- 
cals and  books  of  reference  at  an  expenditure  of  $200.  Books  and  periodicals  have 
been  bound  at  an  expenditure  of  $250.     Total  for  library,  $450. 

The  observatory  inclosure,  shown  in  Plates  VI,  VII,  has  been  enlarged  by  the  addi- 
tion of  10  feet  along  its  northern  end  so  as  to  be  now  155  by  77  and  to  include  nearly 
12,000  square  feet,  as  against  11,000  square  feet  formerly.  The  photographic  building 
has  been  removed  from  a  position  west  to  a  position  north  of  the  siderostat,  and  the 
buildings  and  fence  have  been  repainted.  These  alterations  and  repairs  have  been 
made  at  an  expenditure  of  $400. 

No  losses  of  property  have  occurred. 

The  Work  of  the  Observatory. 

For  convenience,  the  work  of  the  Observatory  will  be  described  under  the  follow- 
ing headings : 

1.  Publications  and  miscellaneous  work. 

2.  Progress  of  investigations. 

(1)   PubliccUions  and  mincellan^ous  work. 

In  accordance  with  a  resolution  of  the  Senate  of  the  [Jnite<l  States, »  a  report  was 
submitted  by  you  at  the  meeting  of  Congress  in  December,  showing  the  appropria- 
tions expended,  results  reached,  and  present  condition  of  the  work  of  the  Astro- 
physical  Observatory.  This  report  consisted  of  a  brief  statement  of  the  foundation, 
aims,  results,  and  present  condition  of  the  Observatory;  a  copy  of  Volume  I  of  its 
Annals;  a  preliminary  report  of  its  eclipse  expedition  of  1900;  and  several  state- 
ments ^  by  eminent  foreign  and  domestic  men  of  science,  giving  their  views  of  the 

<sSenate  resolution  of  February  25,  1901. 

f>  As  indicating  the  nature  of  these  statements,  I  here  give  extracts  from  two  of  them: 

"I  can  not  deny  myself  the  pleasure  of  congratulating  you  on  the  accomplishment 
of  this  vast  and  important  labor.  When  I  think  of  what  it  must  all  have  been,  I  am 
lost  in  admiration  at  the  work.'*— Sir  G.  G.  Stokes. 

''To  anyone  who  is  conversant  with  the  astronomical  work  done  in  recent  years  it 
seems  wholly  unnecessary  to  testify  to  the  immense  value  of  the  work  done  at  the 
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merits  of  the  Obeervatory  and  its  works.  This  report  was  referred  in  the  Senate  to 
the  Committee  on  the  Library  and  ordered  to  be  printed  with  all  its  inclosores.  It 
therefore  became  necessary  to  supply  some  new  copies  of  illnstrations  for  the 
engravers,  and  opportunity  was  offered  to  correct  a  number  of  errors  discovered  in 
Volume  I  of  the  Annals,  so  that  this  new  edition,  forming  a  part  of  Senate  Document 
No.  20,  is  considerably  improved.  The  preparation  of  the  first  drafts  for  the  report, 
the  preparation  of  new  illustrations,  and  the  reading  of  proofs  naturally  occupied  con- 
siderable time  of  the  Observatory  staff.  Several  hundred  copies  of  this  edition  of 
the  Annals  were  secured  for  the  Obeervatory,  and  thus  it  will  be  possible  to  supply 
a  limited  number  to  those  who  may  from  time  to  time  make  request  for  them. 

Of  the  numerous  inquiries  addressed  to  the  Institution  by  correspondents  all  over 
this  country  and  the  world,  many  relating  to  astronomy,  physics,  and  chemistr>'  are 
referred  to  this  Obeervatory  for  answer,  and  thus  an  amount  of  time  by  no  means 
trifling  is  spent  on  work  of  no  immediiite,  concern  to  the  Observatory  researches. 
However,  the  search  for  the  information  asked  for  so  frequently  leads  to  obtaining 
knowledge  of  value  in  our  own  work,  that  it  is  on  the  whole,  perhaps,  time  well 
spent,  independent  of  considerations  of  the  convenience  of  the  Institution's 
correspondents. 

(2)  I*rogres8  of  investigations. 

The  solar  radiation;  its  total  amount  and  its  absorption. — ^You  8howe<l  long  since  that 
ordinary  actinometry,  or  measures  confined  to  the  investigations  of  white  light,  can 
never  furnish  trustworthy  data  in  relation  to  the  output  of  the  sun,  since  the 
absorption  of  our  air  is  so  different  lor  different  wave  lengths  that  it  is  only  by  going 
further  and  examining  the  spectrum  in  detail  that  satis^tory  results  are  obtain- 
able. This  kind  of  eneigy  spectrum  work  has  been  taken  up  very  extensively  here 
in  the  past  year. 

The  solar  energy  spectrum. — ^The  early  work  of  this  Observatory  described  in  Volume 
1  of  its  Annals  was  chiefly  concerned  with  the  minute  absorption  bands  in  the  infra- 
red solar  spectrum.  As  all  readers  of  the  Annals  are  aware,  automatic  prismatic 
energy  curves  were  made  by  the  aid  of  the  holographic  process,  and  such  inflections 
of  these  curves  as  were  found  not  accidental  in  their  origin  corresponded!  to  the 
so-called  Fraunhofer  lines  of  the  visible  spectrum.  Less  attention  was  paid  to  the 
whole  height  of  these  curves  at  their  various  parts  than  to  these  numerous  small 
variations  in  height.  Still,  a  chapter  of  the  Annals  was  devoted  to  the  inferences 
relating  to  the  absorption  of  our  atmosphere  which  could  be  drawn  from  the  (lata 
relating  to  secular  variations  in  the  general  form  of  the  cur\'es  then  available.  But 
since  the  curves  were  taken  at  a  slow  speed  to  allow  full  time  for  retx)nling  the 
small  inflections,  the  total  heights  were  less  comparable,  owing  to  p<3ssible  changes 
in  the  transparency  of  the  air,  the  altitude  of  the  sun,  an<l  the  behavior  of  the  appa- 
ratus which  might  inter>''ene  lietwc^en  start  and  clone  of  a  i*ur\'e. 

NEW   WORK. 

Hie  absorption  of  the  atmospliere  and  of  tlie  solar  envelope. — This  present  year  care  has 
been  taken  to  obtain  energy  cur^^es  whose  heights  shall  he  comparable.  It  was  the 
purpose  of  this  work  to  study  the  general  absorption  of  the  sun's  envelope,  the  gen- 
eral 4ibsorption  of  the  earth's  atmosphere,  and  the  changes  in  the  sele(*tive  absorp- 
tion of  water  vapor  in  the  latter.     It  is  the  further  object  towanl  which  these  studies 


Astrophysical  ()b8er\'atory  under  your  8U|H»rintendence.  The  bolometer,  which 
science  owes  to  your  inventive  resource,  is  one  of  the  boldest  and  most  original 
instruments  ever  de\nsed  for  scientific  resean*h.  It  permits  the  exploration  of  a  field 
which  is  entirely  closed  to  any  other  means  of  investigation.  The  many  results 
which  you  have  obtained  with  this  instrument  are  deemed  by  all  astronomers  of  the 
very  b''-»'~»*  '•^portance  in  the  study  of  those  parts  of  the  spectrum  concerning 
whi  otherwise  have  remained  in  ignorance." — Sir  Bobkbt  S.  Ball. 
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tend  to  see  if  the  san  is  constant  or  variable  in  its  output  of  radiation.  While  the 
results  of  the  past  year  indicate  possibility  of  considerable  ultimate  success  in  this 
final  object,  it  may  probably  prove  that  the  situation  of  this  Observatory  is  unsuita- 
ble to  the  most  exact  studies  of  this  kind,  owing  to  the  great  and  variable  absorp- 
tion of  the  air  column  above  it,  as  well,  of  course,  as  to  the  ground  tremors  inherent 
in  its  present  site,  surrounded  by  the  traffic  of  city  streets.  It  seems  certain,  how- 
ever, that  valuable  contributions  to  the  methods  of  study  to  be  adopted  in  work  at 
more  favorably  situated  stations,  and  to  the  knowledge  of  terrestrial  absorption,  can 
be  made  here. 

AUeratiofut  of  the  apparatus, — For  the  sake  of  accuracy  in  the  height  of  the  curves, 
the  speed  of  taking  energy  curves  has  been  much  increased.  Thus  we  now  custom- 
arily adopt  the  speed  ratios  2  centimeters  of  plate  and  20  minutes  of  arc  of  spectrum 
in  1  minute  of  time,  while  the  ratio  1  cm.=  1^  =  Im.  was  the  standard  one  adopted 
for  the  detailed  study  of  the  infra-red  spectrum.  At  the  present  speed  the  spectrum 
between  wave  lengths  0.45  ^  in  the  blue  and  2.5  ^  in  the  infra-red  is  passed  over  in 
fifteen  minutes.  Such  a  spectrum  energy  curve  is  shown  in  Plate  VIII.  At  this 
fast  speed  much  less  opportunity  offers  for  "drift,''  alteration  of  sensitiveness  of  the 
galvanometer,  and,  what  is  far  more  common,  for  clouds  or  haze  to  diminish  the 
accuracy  of  the  work.  In  order  to  keep  the  behavior  of  the  apparatus  as  constant 
as  possible  and  to  get  the  best  possible  detail  at  this  rapid  speed,  the  great  glass  prism 
has  been  employed  instead  of  rock  salt,  thus  limiting  the  research  to  wave  lengths 
less  than  3  /i-  But  this  includes  nearly  all  the  solar  radiation  which  reaches  the  sea 
level.  To  avoid  extra  reflecting  and  absorbing  surfaces  as  &ir  as  practicable,  a  single 
mirror  is  used  for  collimation  of  the  spectroscope  in  place  of  the  two  employed  for- 
merly when  great  detail  was  sought,  and  the  bolometer  case  is  used  open  at  the  end, 
although  a  slight  amount  of  accidental  disturbance  of  the  record  is  involved  on 
windy  days.  In  the  interest  of  the  greatest  detail  practicable  at  the  fast  speed,  it 
was  most  desirable  to  shorten  the  time  of  swing  of  the  galvanometer.  A  new  gal- 
vanometer of  most  approved  design  has  been  constructed  and  has  been  in  use  since 
December,  at  an  average  time  of  single  swing  of  1.5  seconds.  This  type  of  galva- 
nometer is  in  some  respects,  I  think,  new  and  worth  a  brief  description,  which  will  be 
found  on  a  later  page.  To  avoid  errors  from  differences  of  diffraction  from  the  edges 
of  the  slit,  the  slit  width  has  been  maintained  unaltered  at  0.25  mm.,  subtending 
10.5  seconds  of  arc  in  the  spectrum.  Its  height,  5  centimeters,  has  been  virtually 
reduced  to  2  centimeters  in  the  infra-red  portion  of  the  spectrum  by  the  expedient 
of  interposing  across  it  at  the  proper  time  a  brass  grill-shaped  diaphragm,  which, 
being  fixed  upon,  pivot  bearings  on  the  slit  mounting,  always  occupies  the  same 
place  when  interposed  before  the  slit.  The  factor  of  this  diaphragm  can  be  meas- 
ured by  the  aid  of  data  found  on  each  curve,  but  the  results  are  constant  within  the 
limits  of  measurement.  Bolometer  No.  20,  of  0.08  millimeter  width  and  subtend- 
ing 10  seconds  of  arc,  has  been  used  for  the  entire  year.  This  bolometer  has  been  in  use 
nearly  all  the  time  since  it  was  made  in  1896,  and  always  with  great  freedom  from 
drift  and  other  disturbance.  Soon  after  my  return  from  Sumatra  I  suggested,  and 
you  caused  to  be  constructed  at  the  Observatory  shop,  a  more  improved  type  of 
mechanical  rheostat  for  the  bolometer,  which  has  been  used  since  with  great  satis- 
faction. Drift  of  the  galvanometer  spot  now  rarely  reaches  4  centimeters  in  a  day, 
and  it  is  rarely  in  excess  of  2  millimeters  upon  an  euergy  curve  taken  in  fifteen 
minutes.  So  firm  is  confidence  in  the  behavior  of  the  bolometer  that  the  unshunted 
galvanometer  is  left  in  connection  with  the  circuit  weeks  at  a  time.  No  rebalancing 
of  the  circuit  is  required  for  a  month  at  a  time.  One  can  now  prepare  for  holo- 
graphic work  one  day  and  the  next  merely  start  the  siderostat  and  the  driving  clock 
with  practical  certainty  of  securing  a  good  holograph. 

TJie  absorption  of  the  apparatus. — In  order  to  know  the  true  distribution  of  the 
radiations  throughout  the  spectrum,  it  has  been  necessary  to  determine  the  absorp- 
tion of  the  spectroscope.     As  mirror  surfaces  deteriorate,  this  has  to  be  done  not 
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infrequently.  The  procedure  adopted  has  given  the  absolute  loss  by  reflection  at 
the  sideroBtat  mirror  for  all  wave  lengths,  and  the  relative  loss  for  the  several  wave 
liengths  in  the  remainder  of  the  apparatus.  Without  here  detailing  the  procedure  at 
great  length,  it  is  sufficient  to  say  that  the  operation  consists  of  two  parts.  First  a 
second  spectroscope  is  set  up  whose  spectrum  is  formed  at  the  slit  of  the  first.  Here 
the  bolometer  is  placed  and  its  indications  read  for  several  points  in  the  spectrum. 
The  bolometer  is  then  replaced  at  its  usual  stand  and  energy  curves  of  the  small 
portions  of  spectrum  it  has  just  been  measuring  are  taken.  These  bits  of  spectrum, 
it  will  be  seen,  have  suffered  absorption  in  the  main  spectroscope  since  the  corre- 
sponding deflections  were  first  taken  in  the  first  spectrum  at  the  slit.  Therefore  the 
several  quotients  of  the  areas  under  the  bits  of  energy  curve  to  the  deflections 
obtained  prior  to  absorption  are  in  proportion  to  the  transmission  of  the  spectroscope 
at  the  several  wave  lengths. 

In  the  second  part  of  the  procedure  two  freshly  silvered  mirrors  are  placed  parallel 
to  each  other  m  such  a  way  that  the  beam  of  the  siderostat  mirror  strikes  the  first, 
is  reflected  to  the  second,  and  thence  to  the  spectroscope.  This  causes  the  spectrum 
to  be  weaker  at  all  wave  lengths  by  loss  experienced  from  two  reflections  than  when 
obtained  with  the  beam  from  the  siderostat  mirror  direct.  Thus  is  the  absorption  of 
the  two  mirrors  determined,  and  by  replacing  the  siderostat  mirror  temporarily  by 
one  of  them,  its  absorption  follows  at  once.  These  determinations  of  the  absorption 
of  the  apparatus  have  been  made  several  times,  but  I  will  not  here  give  their  results 
more  in  detail,  which  are  in  general  accordance  with  those  already  reached  by  you. 

Absorption  of  the  atmosphere  and  selective  absorption  of  vxtier  vapor. — Since  January  20 
all  favorable  opportunities  have  been  used  to  take  quick  speed  energy  curves.  These 
have  been  made  with  quite  different  altitudes  of  the  sun.  Sometimes  as  many  as  15 
have  been  taken  in  one  day,  and  160  were  secured  between  January  20  and  July  1. 
These  curves,  are  studied  from  two  points  of  view,  first,  as  regards  the  variation  in 
height  for  single  wave  lengths  with  different  altitudes  of  the  sun;  second,  as  regards 
the  variation  in  area  and  especially  the  areas  of  the  great  regions  of  water-vapor 
absorption.  The  first  kind  of  examination  leads  to  the  determination  of  the  general 
absorption  of  the  air,  the  second  to  fixing  the  variations  in  amount  of  the  solar  radia- 
tion and  of  the  special  selective  absorption  of  water  vapor. 

To  illustrate  the  first  method  of  study,  let  us  suppose  several  energy  curves  to  have 
been  taken  m  a  single  clear  day,  during  which  the  barometer  height  was  (B),  and 
let  (Bg)  be  the  standard  barometric  height,  generally  taken  as  76  cm.  From  the 
altitudes  of  the  sun  as  computed  from  the  hour  angles  and  declination,  the  air  mass 
(m)  is  determined.  This  quantity  represents  the  ratio  which  the  mass  of  air  traversed 
by  the  solar  beam  bears  to  that  mass  of  air  which  would  be  traversed  if  the  sun  was 
directly  overhead.  If  we  suppose  (^)  to  represent  the  amount  of  radiant  energy  per 
square  centimeter  of  a  certain  wave  length  which  reaches  the  earth's  surface,  and 
(O  the  amount  prior  to  absorption  by  the  earth's  atmosphere,  and  let  (a)  he  the 
proportion  transmitted  per  unit  air  mass,  then  by  the  well-known  formula  of 
Bouguer:  o 

B 
e=e^a'^B, 

But  since  the  height  (d)  of  the  holographic  energy  curve  at  the  wave  length  in 
question  is  proportional  to  («),  we  may  write: 

B 
d=:ke==:key^% 

^As  you  have  pointed  out,  this  formula  is  grossly  abused  frequently  in  that  (a)  is 
treated  as  if  constant  for  all  wavelengths.  Thus  entirely  erroneous  results  are 
reached.  The  present  use  of  the  formula  merely  assumes  {a)  constant  over  the 
extremely  narrow  region  of  spectrum  covering  the  bolometer  strip  at  any  given 
instant.  As  thus  applied  it  is  believed  that  good  results  are  reached.  If  single  wave- 
lengths were  in  question  it  is  believed  the  formula  would  be  exact. 
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where  (it)  is  an  instrumental  factor  connected  with  the  width  of  the  slit,  the  abeorp- 
tion  of  the  optical  surfaces,  the  quality  of  the  bolometer,  and  the  sensitiveness  of  the 
galvanometer.  We  may  assume  (O  a^d  (A:)  to  be  constant  for  the  short  space  of 
time  occupied  by  one  day's  observations.     We  then  obtain  the  following  equation: 

B 
log.  {d)=m^  log.  (a)+  log.  (fej 

of  which  the  last  term  is  constant.  This  equation  is  in  the  form  of  the  equation  of  a 
straight  line,  so  that  if  we  make  a  plot  in  which   heights  are  proportional  to 

logarithms  of  (d),  and  horizontal  distances  to  values  of  (m^),  the  various  observa- 

tions  should  determine  a  straight  line  the  tangent  of  whose  inclination  is  the  quan- 
tity log.  (a). 

The  procedure  has  been  followed  with  many  of  the  energy  curves  already  taken, 
and  from  results  of  four  of  the  clearest  days  I  select  the  following  data  for  a  few 
wave  lengths,  graphically  represented  in  Fig.  3.  The  coefficients  of  transmission  are 
the  percentages  of  the  solar  radiation  of  the  given  wave  lengths  which  are  transmitted 
by  a  vertical  column  of  air  at  standard  barometric  pressure.  It  is  not  the  selective 
transmission  in  bands,  but  the  general  transmission  at  the  given  wave  lengths  which 
is  here  in  question. 


Pig.  3. — ^The  transparency  of  the  earth's  atmosphere.  Horizontal  scale  represents  wave  lengths.  Ver- 
tical scale  exhibits  proportion  of  incident  light  transmitted  by  vertical  column  of  air  at  standard 
barometric  pressure. 

Provisioned  values  of  coefficients  of  atmospheric  transmission. 


Wave  length. 

0.486 /yi. 

0.518^. 

0.527  fi. 

0.589  fi. 

0.760  m- 

1.05  fi. 

1.30  m. 

1.75  M. 

Date. 

Range  of  air  ma&s. 

Coefficients  of  transmission. 

Oct.    25,1901 
Nov.    2,1901 
M&r    21  1902 

1.67  to  3.05 

0.811 
0.800 
0.832 

0.792 
0.794 
0.780 

0.818 
0.665 
0.798 
0.757 

0.916 
0.900 
0.857 
0.929 

0.948 
0.942 

0.962 
0.966 

0.942 

1.70  to  3.50 

0.940 

l.aO  to  2.50 

0.830 
0.890 

0.849 

May     8,1902 
Mean. . 

1.07  toL45 

0.955 

0.914 

0.8«9 

0.860 

0.814 

0.789 

0.759 

0.900 

0.948 

0.947 

0.906 
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It  will  be  noted  that  though  the  agreement  of  these  values  would  not  be  held 
very  close  in  some  lines  of  physical  investigation,  yet  when  it  is  taken  into  account 
that  an  invisibly  thin  cloud  or  an  unaccountable  disturbance  of  the  galvanometer  is 
sometimes  sufficient  to  make  an  energy  curve  erroneous,  the  results  promise  well. 
It  is  yet  too  early  to  do  more  than  call  attention  to  the  depression  in  the  curve  in 
the  yellow  aifd  green  at  about  0.55 /i.  This  may  be  due  to  the  absorption  of  water 
vapor,  but  experiments  here  given  are  preliminary.  Results  of  interest  appear 
probable  in  relation  to  the  applicability  of  Bouguer's  formula  to  wave  lengths  where 
selective  absorption  is  active,  and  relating  to  the  variation  of  atmospheric  absorption 
through  the  day  and  through  the  year.  It  will  be  observed  from  the  preceding  table 
that  the  general  absorption  is  least  at  wave  lengths  1.05^  and  1.30 /i  in  the  infra  red, 
where  the  transmission  coefficient /ises  to  95  per  cent. 

As  an  illustration  of  the  results  ootained  from  measures  of  areas,  and  representing 
total  radiation  for  considerable  ranges  of  wave  lengths,  I  call  attention  to  the  diagrams 
of  Plate  IX.  In  these  diagrams  the  horizontal  distances  represent  the  time  of  the  year, 
the  vertical  distances  the  corrected  areas  or  total  radiation  received,  corresponding  to 
certain  selected  portions  of  the  curve.  The  observations  on  which  these  selected  areas 
are  based  were  all  made  at  or  near  noon.  In  order  that  the  several  spectrum  energy 
curves  might  be  comparable  as  regards  instrumental  conditions,  all  the  directly  meas- 
ured areas  were  multiplied  by  a  factor  chosen  so  that,  as  corrected,  the  curves  would 
all  be  of  a  uniform  height  of  10  centimeters  at  1.05  /i,  where  the  transmission,  as  I 
have  just  pointed  out,  is  greatest.  The  upper  line  in  Plate  IX  represents  the  total  area 
included  under  the  eneigy  curve  between  wave  lengths  0.76  //  and  1.98  ^.  The  lower 
full  line  includes  the  summation  of  several  portions  of  this  area  known  to  be  least  subject 
to  diminution  by  the  absorption  of  water  vapor,  namely,  the  regions  0.97  //  to  1.10  //, 
1.16^  to  1.33  /i,  1.49^  to  1.82^.  Crossing  it  at  manypointsis  a  dotted  line  represent- 
ing the  summation  of  the  remaining  areas,  including  the  great  water  vapor  bands  of  the 
infra  red  to  a  wave  length  of  1 . 98  /i .  These  curves  ( prolonged  through  July  and  August 
for  additional  interest)  show  how  important  are  the  effects  of  water  vapor  on  the  direct 
radiations  we  receive  from  the  sun.  In  order  to  compare  the  several  parts  of  the 
curves  justly,  times  equidistant  from  the  June  solstice  should  be  selected  so  that 
equal  air  masses  are  traversed.  The  differences  in  air  mass  are  not  sufficient  to  pro- 
duce much  effect  upon  the  general  absorption  in  this  r^ion,  but  affect  the  water- 
vapor  absorption  appreciably.  It  will  be  seen  that  the  total  solar  radiation  in  the 
region  between  0.76  //  and  1.98  //  was  on  an  average  fully  15  per  cent  greater  in  March 
of  this  present  year  than  in  August,  on  account  of  the  greater  absori)tion  of  water 
vapor.  Comparing  the  separate  point**,  it  may  be  seen  that  the  variation  in  water- 
vapor  absorption,  while,  as  we  have  just  seen,  on  the  whole  seasonal,  is  yet  very  fluc- 
tuating from  day  to  day.  ThuH,  for  example,  it  could  be  inferred  from  a  discussion  of 
the  cur\'e  in  March  that  in  two  apparently  equally  clear  days  of  the  same  week  there 
was  a  (iifference  of  15  per  cent  in  the  solar  radiation  received,  owing  to  the  difference 
in  water- vapor  al)sorption.  In  sharp  contrast  to  the  variability  of  the  areas  of  the 
water-vapor  aljsorption  regions  is  the  behavior  of  the  remaining  portion  of  the  spec- 
trum. This  contains  some  secondary  but  still  considerable  water-vapor  bands, 
so  that  some  fluctuation  still  remains.  But  it  sc^nis  possible  as  a  result  of  this  study 
that  certain  large  regions,  notably  that  lietween  wave  lengths  0.97  n  and  1.10  ^,  are 
so  nearly  unaffected  in  area  by  any  terrestrial  atmospheric  al)sorpti(m  that  they  (an 
serve  to  indicate  if  the  total  solar  radiation  fluctuates  from  year  to  year. 

Absorption  of  the  solar  envelope. — The  experiments  on  the  al)sorption  of  tlie  solar 
envelope  briefly  mentioned  in  last  year's  report  were  continue<l  as  far  as  practicable 
with  the  apparatus  available.  Fig.  4  shows  the  results  thus  far  reached.  Hori- 
zontal distances  are  proportional  to  wave  lengths,  vertic*al  distances  to  transmission 
coefficients.  These  transmission  coefficients  are  not  exactly  similar  to  the  ones  just 
given  for  the  earth's  atmf)sphere.     If  we  represent  the  intensity  of  the  radiation  we 
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receive  from  the  center  of  the  solar  disk  as  unity,  then  as  we  measure  farther  and 
farther  from  the  center  the  intensity  will  diminish,  OM'ing  to  the  absorption  the  rays 
experience  in  the  ever-increasing  length  of  path  they  traverse  in  the  solar  envelope. 
Different  wave  lengths  are  differently  diminished.  The  figure  gives  the  fractions 
remaining  for  the  intensity  at  points  distant  95  per  cent  and  98  per  cent  of  the  radius 
from  the  center.  Referring  to  Fig.  3,  we  see  that  in  both  the  solar  and  the  terrestrial 
atmosphere  the  absorption  is  least  in  the  infra  red,  and  indeed  follows  a  somewhat 
nmilar  curve  throughout  the  range  of  wave  lengths  here  investigated.  The  accuracy 
*4  the  results  is  not  great  enough  to  insist  on  the  significance  of  the  inflections  which 
appear  in  the  curves  given,  but  here  also  there  is  a  similarity  between  the  terrestrial 
and  solar  curves.  Owing  to  the  imperfection  of  the  large  solar  image,  due  to  *' boil- 
ing" of  the  air,  to  the  rotation  of  the  field  by  the  siderostat,  and  to  the  fact  that  the 
image  was  enlarged  by  a  convex  mirror  from  about  3  centimeters  diameter  to  40 
centimeters,  it  seemed  useless  to  attempt  projected  further  measurements,  including 
gome  on  the  radiation  of  sun  spots,  until  some  better  way  of  producing  the  solar 
image  was  arranged  for.  Experiments  which  have  been  made  for  this  purpose  will 
he  described  under  another  caption. 


Fi^.  4. — ^The  transparency  of  the  Rolar  envelope.  Horizontal  scale  represents  wave  lengths.  Vertical 
scale  exhibits  relative  amount  of  radiation  from  the  edge  and  center  of  the  sun.  Curve  1  is  for 
points  95  per  cent  of  radius  distant  from  sun's  center.  Curve  2  is  ior'points  98  per  cent  of  radius 
distant  from  sun's  center. 

I  take  much  pleasure  in  saying  that  the  work  of  taking  energy  curves  for  deter- 
mining solar  and  terrestrial  absorption,  the  measurements  of  ordinates  and  areas, 
and  preliminary  reductions,  only  a  very  few  of  which  I  have  here  given,  have  been 
efficiently  done  by  the  junior  assistant,  Mr.  F.  E.  Fowle. 

Setmtive  grdvanoineter. — In  my  last  report  I  stated  at  some  length  the  progress  made 
and  looked  for  in  increasing  the  working  sensitiveness  of  the  galvanometer.  It  was 
stated  that  a  modified  form  of  needle  system  was  proposed,  much  heavier  and 
probably  not  less  sensitive  than  those  then  in  use.  The  design  there  referred  to  w^as 
based  |)artly  on  experiments  which  had  been  made  which  showed  that  two  small 
thin  magnets  could  be  placed  within  a  distance  equal  to  their  own  diameter  without 
suffering  much  loss  of  combined  magnetic  moment.  If  this  proved  applicable  to  a 
system  of  numerous  magnets  it  would  be  possible  to  increase  the  number  of  mag- 
nets to  a  hundred  or  more  without  loas  of  sensibility  overbalancing  the  gain  which 
would  result  from  decreasing  the  relative  moment  of  inertia  of  the  nonmagnetic 
material.  Shortly  after  my  return  from  Sumatra  a  needle  system  of  this  kind  was 
constructed,  containing  120  magnets,  60  at  each  end,  separated  by  spaces  equal  to 
the  thickness  of  the  needles.  The  problem  of  arranging  them  thus  proved  a  pretty 
difficult  one,  but  was  solved,  though  after  a  fashion  not  quite  satisfactory.  It  was 
a  disappointment  to  find,  however,  that  the  sensitiveness  of  this  system  was  only 
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one-third  as  great  as  that  of  the  very  light  system  then  in  use.  To  discover  the 
cause  of  this  a  lai^  number  of  experiments  were  made  on  the  magnetic  moment  of 
needles  of  various  sizes  and  shapes  between  weights  of  0.0006  and  0.0030  milligrams, 
and  on  combinations  of  them  at  various  distances.  In  the  course  of  this  investigation 
it  was  again  shown  (as  had  already  l)een  accepted  here)  that  for  magnets  between  the 
limits  of  five  and  fifty  times  as  long  as  thick,  the  magnetic  moment  is  directly  propor- 
tional to  the  product  of  the  weight  by  the  ratio  of  the  length  to  the  diameter.  This 
relation  is,  and  has  been  for  some  yeais,  a  fundamental  consideration  in  the  constmc- 
tion  of  galvanometer  need  les  here.  But  though  no  error  appeared  in  this  assumption,  it 
was  found  that  the  other,  that  a  great  number  of  magnets  could  be  combined  without 
much  loss  within  a  distance  apart  equal  to  their  diameter,  was  quite  unsound.  While 
this  is  the  case  for  two  magnets,  it  is  not  so  for  a  laiger  number.  They  can  not 
advantageously  be  placed  at  a  distance  apart  less  than  3  diameters  without  a  consid- 
erable loss  of  total  magnetic  moment.  This  is  the  case  whether  the  needles  are  first 
magnetized  and  then  approached  or  magnetized  in  position.  It  is  slightly  better  to 
keep  them  4  diameters  apart.  This  condition  prevented  making  needle  systems  such 
as  were  proposed,  but  a  greater  weight  of  system  seemed  so  very  desirable  that  new 
devices  were  discussed.  Six  needles  in  a  group  seemed  to  be  about  the  limiting 
number  which  could  be  used  with  advantage,  so  that  to  get  more  than  12  needles  to 
a  system  required  more  than  2  groups  to  put  them  in.  It  was  proposed  to  use  16 
coils  instead  of  4  in  the  galvanometer,  thus  allowing  8  groups  of  needles  or  48  in  all. 
This  involved  a  deliberate  sacrifice  of  sensitiveness.  Allowing  for  the  several  coun- 
terbalancing effects,  it  was  computed  that  the  sensitiveness  at  a  time  of  swing  of  one 
second  would  be  only  about  one-half  or  two-thirds  as  great  for  a  I6-coil  uistrument 
as  for  a  4-coil  instrument  of  equal  resistance.  But  it  was  confidently  believed  that 
the  steadiness  of  the  former  and  its  better  capacity  for  use  at  higher  times  of  swing 
would  more  than  compensate  this  loss. 

Accordingly  a  16-coil  galvanometer,  with  needle  system  containing  46  magnets  and 
VFeighing  nearly  10  milligrams,  was  constructed.  Its  sensitiveness  was  found  to  be 
about  as  computed,  and  its  steadiness  is  so  much  superior  to  that  formerly  employed, 
both  as  regards  drift  and  tremor,  that  it  has  been  used  since  December  with  most 
marked  advantage  for  holographic  work.  So  entirely  satisfactory  has  it  proved  that 
another  16-coil  galvanometer  with  needle  system,  weighing  0.012  grams,  has  been 
constructed  for  use  on  the  great  suspension  system  of  which  I  spoke  last  year.  A 
laiige  number  of  separate  needles  are  weighed,  measured,  and  their  magnetic 
moments  determined  before  the  48  are  selected,  so  that  no  opportunity  is  allowed  for 
a  few  weak  ones  to  lower  the  sensitiveness  and  injure  the  astaticism  of  the  cx>mbi- 
nation.  The  system  is  strongly  magnetized  after  its  completion  by  the  aid  of  a  16- 
coil  electro-magiiet.  In  the  making  up  of  these  needles  to  form  the  system,  a  new 
process  of  fastening  the  magnets  has  been  devised  by  which  results  very  superior  to 
any  heretofore  obtained  here  are  reache<l. 

Further  experiments  on  the  exhaustion  of  the  air  from  the  galvanometer  case  have 
been  made.  It  was  found  extremely  difficult  to  prevent  leakage  of  air  into  the  instru- 
ment, and  this  when  it  occurred  caused  ^' drift.''  This  difficulty  has  at  length  been 
practically  overcome.  It  had  been  supposed  that  a  pressure  of  I  millimeter  or  there- 
abouts would  be  quite  as  low  as  would  be  necessary  with  a  10-second  single  swing. 
But  even  with  the  heavy  needle  system  now  in  use,  the  damping  became  excessive  at 
2.5  secondssingle  swingand  0.08  millimeter  pressure.  The  pressure  was  reduced  to0.20 
millimeter,  and  next  the  time  of  single  swing  was  raised  to  5.5  seconds,  before  damp- 
ing became  excessive.  The  very  promising  result  was  reached  that  the  deflection  uxu 
proportional  to  the  square  of  the  time  of  swing  up  to  a  time  of  single  swing  of  above  5 
seconds.  Further  exhaustion  of  the  air  proved  impossible  at  the  time,  owing  to  the 
vapor  preasure  of  the  wax  and  grease  used  about  the  galvanometer.  But  by  a  modi- 
fication of  the  outer  case,  it  is  believed  that  this  difficulty  can  be  overcome,  and  that 
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the  aim  last  year  set  forth  to  carry  the  proportionality  between  deflection  and  square 
» of  the  time  of  swing  up  to  10  seconds  single  swing  will  at  length  be  reached.  Great 
steadiness  was  observed  at  5.5  seconds  swing.  A  deflection  of  1  millimeter  on  the 
scale  then  actually  corresponded  to  a  current  of  only  TvvwTJVTnrviTv  amperes  in  the 
galvanemeter.  The  resistance  of  the  instrument  is  only  1.6  ohms.  A  current  of  one- 
tenth'  this  magnitude — or  5X10  amperes — could  actually  have  been  Tnaaaamd, 
Further  advance  is  confidently  expected. 

Personal-equation  machim. — You  have  placed  at  the  Observatory  for  trial  an  instru- 
ment of  your  own  design  intended  to  eliminate  the  so-called  personal  equation  of 
individual  observers  in  transit  observations.  The  principle  of  this  instrument  con- 
sists in  substituting  a  judgment  of  the  place  where  a  sudden  phenomenon  occurred 
for  the  time  when  it  occurred.  To  use  an  illustration  which  you  have  already 
employed,  in  case  the  dark  field  in  which  only  the  star  is  seen  moving  were  illumi- 
nated every  two  seconds  by  a  self-recording  fiash  which  showed  the  central  wire, 
and  if  by  pure  a<;cident  the  star  was  caught  in  an  exact  bisection  when  the  flash 
came — an  accident  against  which  the  chances  are  perhaps  more  than  a  hundred 
to  one — it  is  evident  that  in  this  rare  and  improbable  event  there  would  be  no  per- 
sonal equation  to  allow  for,  if  the  time  of  flash  within  two  seconds  were  noted  by 
the  obsen^er.  Now,  the  object  of  the  following  mechanism  may  be  said  to  be  to 
make  this  accident  happen  every  time. 

This  being  understood,  as  first  tried  with  the  apparatus  which  you  furnished,  the 
design  was  to  illuminate  the  cross  wires  of  the  transit  instrument  by  automatically 
recorded  electric  flashes  occurring  at  regular  intervals  equal  to  the  time  elapsing 
between  passages  of  the  star  across  successive  wires.  An  adjustable  mechanism  allowe4 
the  observer  to  hasten  or  defer  the  whole  system  of  flashes  until  by  successive  adjust- 
ments he  caught  the  exact  instant  when  the  star  was  bisected  by  the  dark  wire  in 
the  instantaneously  bright  field.  Several  such  adjustments  could  be  made  during  a 
single  star  transit  across  the  numerous  wires  of  the  tally,  and  immediately  after  each 
satisfactory  bisection  a  signal  was  made  on  the  chronograph  by  a  key  in  the  hand  of 
the  observer,  so  that  only  such  recorded  flashes  as  were  thus  distinguished  were  used 
in  determining  the  time  of  transit. 

In  order  to  test  the  value  of  this  instrument  an  artificial  star  was  caused  to  move 
through  the  field  at  a  rate  about  equal  to  that  of  a  real  equatorial  star.  This  star 
was  moved  by  a  screw  and  clockwork  of  great  accuracy,  and  always  through  the 
same  x)ortion  of  the  screw.  It  was  also  provided  that  when  the  star  was  exactly 
bisected  by  the  middle  wire  an  electrical  contact  was  broken,  so  that  the  star  recorded 
its  own  transit  upon  the  chronograph.  The  adjustment  of  the  contact  for  this  bisec- 
tion was  made  at  leisure  with  the  star  stationary,  and  was  therefore  not  subject  to 
the  personal  error  of  transit  observations.  Accordingly,  after  determining  all  the 
wire  intervals,  it  was  entirely  easy  to  measure  the  personal  equation  of  the  observer, 
whether  he  used  the  personal-equation  machine  or  the  ordinary  method,  merely  by 
comparing  his  observed  time  of  transit  with  that  recorded  by  the  star  itself.  Upon 
trial  it  was  found  that  the  personal  equation  of  the  several  observers  was  not  wholly 
prevented  by  employing  the  machine  in  the  manner  described;  that  is,  by  bisections 
judged  during  instantaneous  flashes.  The  writer,  for  example,  observed  about  0. 12 
second  too  early  by  both  methods. 

It  seemed  probable  that  the  observer  was  still  biased  in  his  judgment  by  watching 
the  march  of  the  star  through  the  field  across  the  very  faintly  showing  wires,  which 
are  always  to  be  made  out  by  the  stray  light  of  the  star  and  sky,  even  though  there 
is  no  illumination  by  the  flash.  Accordingly  it  seemed  to  promise  success  to  alter 
the  arrangement  so  that  the  star  would  be  hidden  except  at  the  instants  correspond- 
ing to  those  when  the  flash  had  formerly  appeared,  and  to  steadily  illuminate  the 
field  as  is  usual  in  transit  instruments.    In  the  test  this  was  easier  than  in  actual 
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practice,  for  the  artificial  star  itself  could  be  obscured  by  a  shutter  immediately  in 
front  of  it,  which  could  be  removed  instantaneously  by  the  electric  mgnal  from  the 
personal-equation  machine.  The  same  thing  could,  however,  be  done  at  the  focal 
plane  of  the  telescope  in  real  use. 

Upon  trial  this  device  justified  all  hopes.  Three  observers  whose  habit  is  to 
observe,  one  too  early,  one  too  late  and  the  other  very  close  to  the  true  time,  were 
found  all  to  observe  as  close  to  the  truth  as  the  accidental  errors  would  admit, 
which  in  the  case  of  the  3-foot  focus  transit  instrument  employed  was  generally 
within  0.03  second.  In  other  words,  personal  equation  seems  to  be  wholly  eliminated 
by  this  procedure.  The  general  design  may  be  applied  without  great  expense  to  any 
outfit  of  transit  and  chronograph. 

Provision  for  great  solar  image. — As  already  said,  the  experiments  on  solar  absorp- 
tion, nature  of  sun  spots  and  other  phenomena  required  for  their  successful  continu- 
ation a  large  solar  image  free  from  rotation  and  as  free  as  possible  from  '* boiling'' 
and  from  optical  defects.  Among  these  latter  it  will  be  evident  that  variations  in 
absorption  and  in  magnification  at  different  portions  of  the  image  were  quite  serious, 
as  well  as  the  ordinary  defects  of  definition.  To  magnify  a  small  image  to  the 
required  diameter  seemed  to  be  very  undesirable,  for  several  reasons,  chief  of  which 
were  the  optical  defects  just  spoken  of  and  the  increased  '^ boiling"  due  to  the 
heating  at  the  small  focal  image.  The  use  of  the  siderostat  was  objectionable  on 
account  of  its  rotating  the  field. 

You  have  therefore  decided  to  use  the  coelostat  and  a  concave  mirror  of  long 
enough  focus  to  form  the  imagi^  of  the  desired  size  without  a  second  magnificat 
tion.  The  coelosfat,  which  I  understand  you  to  have  been  first  employed  by  you 
as  a  working  instrument  on  a  large  scale  (in  1882),  is  essentially  a  plane  mirror 
rotating  on  an  axis  parallel  with  the  axis  of  the  earth  at  the  rate  of  one  revolution 
in  forty -eight  hours.  It  is  unable  to  send  the  reflecte<l  beams  from  objects  at  dif- 
ferent declinations  in  the  same  direction,  and  if  used  to  provide  a  horizontal 
reflected  beam  from  the  sun,  must  spnd  it  in  a  more  southerly  direction  in  summer 
than  in  winter.  In  this  latitude  the  extreme  directions  reached  by  a  horizontal 
coelostat  beam  would  be,  respectively,  about  30°  north  and  30°  south  of  an  east  and 
west  line.  To  avoid  moving  the  coni^ve  mirror  and  other  apparatus  to  suit  the 
shifting  direction  of  the  coelostat  beam,  it  has  been  determined  to  place  a  se<*ond 
movable  plane  mirror  close  to  the  coelostat  to  reflect  the  l)eam  to  the  concave  mirror, 
retaining  the  latter  fixed.  This  mirror  is  so  mounted  that  it  (;an  be  wheeled  north 
or  south  along  a  track  situated  as  close  to  the  coelostat  as  possible.  This  track  is 
designed  to  curve  round  the  south  end  of  the  coelostat  fo  that  the  second  mirror  can 
l)e  either  east  or  west  of  the  coelostat  as  desired,  and  it  is  intended  to  use  it  east  in 
the  morning  and  west  in  the  afternoon.  A  concave  mirror  of  18  inches  aperture  and 
140  feet  focus  which  you  have  ordered  will  be  placed  about  60  feet  north  of  the 
coelostat.  Its  beam  on  the  way  to  its  focus  will  pass  directly  under  the  coelostat 
mirror  and  l)etween  the  morning  and  afternoon  positions  of  the  second  plane  mirror. 
The  coelostat  mirror  is  thus  about  2  feet  higher  than  the  concave  mirror  and  about 
1  foot  higher  than  the  second  mirror,  so  that  the  latter  casts  no  shadow  on  the 
coelostat  mirror  except  for  very  low  sun  at  the  times  of  the  equinoxes.  On  account 
of  the  unfavorable  inclination  of  the  coelostat  mirrors  at  certain  times  of  the  year 
and  day,  it  is  determined  also  to  provide  for  the  use  of  the  two  plane  mirrors  as  a 
polar  siderostat,  since  only  slight  changes  are  required  to  alter  a  polar  siderostat  into 
a  coelostat,  and  the  reverse.  If  used  as  a  polar  siderostat,  the  gain  in  effective  mirror 
surface  will  be  offset  by  having  a  rotating  image. 

In  either  case,  as  thus  arranged,  it  is  possible  to  completely  inclose  the  beam  of 
light  in  suitable  tubes  after  it  reaches  the  coelostat,  and  even  before,  by  a  tube  moved 
to  follow  the  sun.  The  only  use  of  such  tubes  is  to  prevent  the  "boiling"  or  appar- 
ent motion  around  the  edges  of  the  image  due  to  air  waves  in  the  path  of  the  b^un, 
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and  several  quite  decisive  experiments  were  made  by  yoar  direction  to  determine 
their  eifectiveneas. 

Experiments  on  ** boiling**  of  the  image. — I  add  a  few  words,  partly  in  anticipation, 
in  reference  to  your  newly-introduced  device  for  preventing  the  well-known  effect 
of  *' boiling''  the  telescopic  image,  a  difficulty  due  to  the  earth's  atmosphere  and 
which  has  existed  always  and  everywhere,  and  which  has  seemed  until  lately  so 
insurmountable  that  it  has  not  even  been  thought  of  as  subject  to  correction.  The 
device  that  you  have  suggested  consists  essentially  not  in  keeping  the  air  still  within 
and  without  the  telescope  tube,  but  in  violently  agitating  it  over  as  great  a  range  as 
possible.  For  this  purpose,  under  your  instructions  and  with  the  object  of  rehears- 
ing on  a  small  scale  what,  if  the  device  is  successful,  will  be  later  tried  on  a  large  one, 
a  silvered  glass  mirror  of  5  inches  diameter  and  40  feet  focus  has  been  set  up  in  a  tube 
with  several  concentric  walls,  so  as  to  leave  the  interior  air  as  still  as  possible.  In 
preliminary  experiments  the  air,  in  spite  of  these  precautions  in  the  installation,  gave 
such  "boiling''  of  the  image  as  to  seriously  prejudice  the  definition,  and  this, 
although  the  40-foot  tube  had  no  less  than  three  walls,  being  7  inches  in  interior 
diameter  and  15  inches  in  exterior  diameter,  and  inclosing  the  beam  all  tlieway  from 
a  second  plane  mirror  near  the  coelostat  to  the  concave  mirror  and  thence  to  the  focus. 
Though  this  tube  containing  the  stillest  air  of  the  most  uniform  temperature  was 
sheltered  throughout  by  a  canvas  tent,  the  "boiling"  was  but  a  little  diminished. 
Nothing  was  gained  by  diminishing  the  aperture  of  the  several  mirrors  down  to  1 
inch  in  diameter,  and  all  this  was  only  what  had  been  anticipated  from  the  ordinary 
experience  of  astronomers.  A  12-inch  blower  run  by  an  electric  motor  was  now 
caused  to  exhaust  air  from  the  inner  tube  at  a  half  dozen  points  along  the  tube,  and 
to  force  air  in  at  other  points  alternate  with  these,  so  as  thus  violently  to  disturb  or 
"chum"  the  air  by  forcing  a  vigorous  circulation  of  it  along  the  whole  path  of  the 
beam  from  the  ccelostat  to  the  solar  image.  This  unquestionably  reduced  the  "boil- 
ing." An  artificial  star  was  now  pro%ided  at  the  focal  plane,  the  plane  mirror  near 
the  ctelostat  was  placed  at  right  angles  to  the  tube,  and  thus  the  concave  mirror,  act- 
ing as  both  collimator  and  objective,  brought  the  star  image  to  focus  at  the  star  itself. 
Here  it  was  examined  with  an  eyepiece.  With  still  air  the  definition  was  often  very 
poor.  The  image  assumed  very  variable  shapt^p,  with  wings  or  streamers;  and  being 
also  colored  by  diffraction  effects,  reminded  one  of  a  kaleidoscope  field.  On  starting 
the  blower  the  definition  immediately  became  sharp.  Violently  stirring  the  air  in 
the  tube,  therefore,  eliminates  the  "boiling"  within  the  tube  and  (paradoxically) 
produces  a  still  image.  As  before  said,  the  solar  image  was  clearly  improved  by  the 
stirring;  but  further  improvement  was  still  to  be  desired.  Accordingly  a  tin  tul)e  44 
feet  long,  with  two  walls  of  11  inches  interior  diameter  and  16  inches  exterior 
diameter,  was  provided  and  arranged  to  point  toward  the  sun,  as  shown  in  Plate  Vt, 
so  that  the  beam  passed  down  through  it  before  reaching  the  mirror  system.  This 
tube  was  connected  to  the  blower  exactly  like  the  horizontal  one,  and  both  could 
be  stirred  at  once.  There  was  very  marked  "boiling"  before  starting  the  blower. 
This  nearly  disappeared  while  the  blower  was  running.  One  observer  estimated 
the  "boiling"  as  four-fifths  overcome;  another  thought  little  more  than  a  quarter 
remained,  and  all  were  unanimous  that  what  was  left  was  very  little  prejudicial  to 
the  definition.  This  last  result  is  so  surprising  that  I  feel  constrained  to  add  that 
the  experiments  so  far  are  not  exhaustive,  having  been  carried  on  but  a  short  time, 
and  without  that  solidity  of  piers  which  would  allow  of  exact  estimate  or  photo- 
graphic determination  of  the  "  boiling"  of  the  solar  image  before  and  during  agita- 
tion of  the  air  in  the  tube,  as  distinguished  from  mechanical  jarring.  Further  experi- 
ments are  in  progress.  That  agitation  is  of  very  great  advantage  to  diminish  "boil 
ing"  there  ia  no  question,  but  the  exact  measure  of  the  advantage  for  all  circum- 
stances of  bad  seeing  requires  further  study.  Incidentally,  the  air  blast  has  the  added 
advantage  of  keeping  the  mirrors  at  uniform  temperature.    This  and  the  abolish- 
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ment  of  ^*  boiling  "  in  the  tube  are  found  to  prevent  those  vexatious  changes  of  focus 
so  common  in  solar  work. 

These  experiments,  which  I  am  free  to  say  seemed  to  me  when  first  proposed  by 
you  of  a  kind  to  increase  rather  than  diminish  ** boiling/'  have  in  fact  proved 
thus  far  almost  wholly  successful  in  eliminating  'it.  The  experiment  with  an  ordi- 
nary ei]uatorial  has  not  yet  been  tried,  but  for  a  horizontal  telescope,  such  as  is  here 
proposed,  the  scheme  is  demonstrable  and  feasible. 

Radiation  of  the  Cuban  firefly. — In  continuance  of  your  observations  on  the 
cheapest  fonn  of  light,  two  specimens  of  Pyrophorus  noclilucvs  were  loaned  to 
the  Observatory  by  kindness  of  Professor  Howard,  of  the  Agricultural  Departs 
ment.  The  radiation  of  the  thoracic-light  regions  of  these  insects  was  briefly 
studied  by  the  aid  of  the  bolometer  and  photometer.  The  insect  was  placed 
in  the  center  of  curvature  of  a  concave  mirror  of  50  centimeters  aperture  and  1 
meter  focus.  In  the  conjugate  focus  was  the  most  sensitive  bolometric  arrange- 
ment in  the  possession  of  the  Observatory,  connected  to  the  galvanometer  used  for 
holographic  work.  A  glass  plate  w*as  placed  before  the  bolometer  to  cut  off  body 
radiation.  'Xothing  whatever  could  be  observed  to  indicate  any  heating  effect  from 
the  light  of  the  insect.  A  portion  of  the  flame  of  a  standard  sperm  candle  equal  in 
area  to  the  light  spot  of  the  insect  gave  such  a  deflection  that  had  the  radiation  from 
the  insect  been  r^js  ^  great  in  amount  it  could  not  have  escaped  observation.  On 
comparing  the  light  from  the  candle  and  that  from  the  insect  by  the  aid  of  a  pho- 
tometer it  was  found  that  area  for  area  the  insect's  light-giving  capacity  was  one- 
eighth  as  great  as  that  of  the  candle.  Its  actual  candlepow  as  xsVv-  ^^ 
counting  the  very  considerable  candle  radiation  not  transmissible  by  glass,  it  there- 
fore appeared  that  the  firefly  gave  his  light  at  less  than  r^t^oo  the  expenditure  of 
energy  required  for  an  equal  light  from  the  standard  sperm  candle.  You  will  be 
gratified  that  while  these  observations  evidently  confirm  your  earlier  experiments 
they  show  the  great  advance  since  then  in  the  sensitiveness  of  the  bolometer. 

PERSONNEL. 

The  observing  staff  has  been  unchanged  with  the  following  exceptions:  Dr.  C.  E. 
Mendenhall  was  employed  as  temporary  assistant  up  to  August  3,  1901,  and  Dr. 
N.  £.  Gilbert  as  temporary  assistant,  beginning  June  16,  1902. 

SUMMARY. 

During  the  past  year  satisfactory  progress  has  been  made  in  the  improvement  of 
the  galvanometer.  Successful  experiments  have  been  made  under  the  system  first 
propofled  by  jrani^'vr&iclipmBHd  ^nation  in  transit  observations  is  avoided,  and 
.still  otherB,  which  seem  to  be  of  great  |«itk«ljiiniiMlaniM^  ^y  ^iviuch  the  '^boiling'* 
of  the  telescopic  image  either  of  sun  or  star  shows  promise  of  being  largely  cifeiUMae. 
A  comparison  of  the  light  and  heat  of  the  standard  sperm  candle  with  that  of  the 
firefly  showed  the  latter  to  be  more  than  10,000  times  more  economical  as  a  source 
of  light. 

The  great  purpose  of  the  observatory — ^the  investigation  of  the  sun  and  of  its  influ- 
ence on  the  earth — has  been  at  all  times  continued. 

Respectfully  submitted. 

C.  G.  Abbot, 
Aid  Acting  in  Charge,  Astrophysical  Observatory, 

Mr.  8.  P.  Lang  LET, 

Secretary  of  the  Smithsonian  Inditutumt 


Appendix  VI. 

REPORT  OF  THE  LIBRARIAN. 

Sir:  I  have  the  honor  to  present  herewith  the  report  of  the  operations  of  the 
library  of  the  Smithsonian  Institution  for  the  fiscal  year  ending  June  30,  1902. 

The  number  of  vohimes,  parts  of  volumes,  pamphlets,  and  charts  recorded  in  the 
accession  books  of  the  Smithsonian  deposit,  Library  of  Congress,  during  the  fiscal 
year  is  shown  in  the  following  table: 


Volumes. 


-.r-f- 


Parts  of  volumes  .^^ 

Pamphlets 

Charts 


■; 


Total 


Quarto  or 
larger. 


465 

13,802 

691 


Octavo  or 
smaller. 


1,«813 
7,032 
8,141 


Total. 

1,678 

20,834 

3,732 

414 


26,658 


The  accession  numbers  run  from  438,893  to  445,523. 

The  greater  part  of  these  publications  have  been  sent  to  the  Library  of  Congress, 
amounting  during  the  past  year  to  something  over  188  boxes, '25  bags  and  packages, 
w^hich  are  estimated  to  have  contained  the  equivalent  of  8,520  octavo  volumes,  this 
being  a  sending  independent  of  that  of  the  International  Exchanges. 

The  decrease  in  the  number  of  entries  in  the  accession  book  and  the  periodical 
recortl  as  compared  with  last  year  will  be  accounted  for  by  the  large  number  of 
strictly  Grovemment  documents  which  the  Smithsonian  Institution  now  sends  direct 
to  the  Library  of  Congress  through  the  Bureau  of  International  Exchanges.  This 
arrangement  has  been  carried  on  in  accordance  with  the  understanding  had  between 
the  Secretary  and  the  Librarian  of  Congress. 

The  additions  to  the  libraries  of  the  Secretary,  the  Office,  and  the  Astrophysical 
Observatory  number  496  volumes,  pamphlets,  and  charts  and  2,587  parts  of  volumes, 
making  a  total  of  3,083  and  a  grand  total  of  29,74L  On  the  card  catalogue  of  serial 
publications  about  22,234  entries  were  made. 

The  universities  at  the  following  places  have  sent  inaugural  dissertations  and 
academic  publications: 


Baltimore  (Johns  Hopkins ) . 

Halle  a  Saal. 

Lund. 

Basel. 

Heidelberg. 

Marburg. 

Berlin. 

Helsingfors. 

Missoula,  Mont 

Bern. 

Jena. 

Philadelphia. 

Bonn. 

Kazan. 

St.  Petersburg. 

Breslau. 

Kiel. 

Strasburg. 

Erlangen. 

Konigsberg. 

Toulouae. 

Friebnrg,  iB. 

Leipzig. 

Wurzburg. 

Giessen. 

Liege. 

Yuriev. 

Griefswald. 

Louvain. 

Zurich. 

8M  1902— 
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The  policy  of  increasing  the  library  by  exchanize  has  been  continued  with  favor- 
able results.  In  carrying  this  out,  877  letters  were  written  for  new  exchanges  and 
for  completing  series  already  in  the  library;  317  periodicals  were  added  to  the  list; 
461  defective  series  were  either  completed  or  partly  filled,  according  to  the  pub- 
lisher's ability  to  supply  the  numbers  requested.  About  1,800  letters  were  received 
and  filed  in  jackets  on  which  a  synopsis  of  each  letter  is  given. 

The  card  catalogue  of  correspondence  for  reference  has  been  continued,  as  well  as 
the  issuing  of  orders  for  Smithsonian  publications  sent  in  exchange.  When  single 
numbers  are  reported  as  missing,  postal  cards  are  forwarded  requesting  that  they  be 
supplied.  Corresponding  postal  cards  are  sent  as  acknowledgments  of  receipts. 
About  1,090  numbers  were  asked  for,  and  703  supplied. 

•  The  reference  room  and  the  reading  room,  the  proceedings  and  transactions  of 
learned  societies  being  in  the  former  and  the  scientific  x)eriodicals  in  the  latter,  have 
been  used  not  only  by  the  staff  of  the  Smithsonian  Institution,  but  by  many  other 
departments  of  the  Government.  In  the  reading  room  alone  3,208  periodicals  and 
25  bound  volumes  were  withdrawn  for  consultation. 

The  sectional  library  at  the  National  Zoological  Park  has  been  added  to,  and  the 
collection  is  growing  in  importance. 

In  the  Institution  there  are  maintained,  besides  the  Secretary's  library,  the  office 
library,  the  employees*  library,  three  sectional  libraries— Aerodromics,  International 
Exchanges,  and  Law  Reference. 

In  the  Astrophysical  Observatory  attention  has  been  given  to  the  sets  of  period- 
icals.   These  were  gone  over,  missing  parts  ordered,  and  46  volumes  bound. 

The  employees'  library  has  increased  in  popularity,  and  during  August  last  a 
branch  extension  was  made  to  the  Zoological  Park.  The  books  are  placed  in  an 
upright  box  made  for  the  purpose,  with  a  capacity  of  40  volumes,  and  sent  out  once 
a  month.  The  library  now  contains  1,370  volumes,  and  during  the  year  2,379  books 
were  borrowed. 

The  librarian  having,  with  the  pennission  of  the  Secretary,  relinquished  his  posi- 
tion as  custodian  of  the  Smithsonian  de]X)6it  at  the  Library  of  Congress,  to  render 
possible  his  attention  to  certain  duties  outside  of  the  Institution,  Mr.  Paul  Brockett 
was  on  April  1,  1902,  appointed  assistant  librarian  of  the  Smithsonian  Institution 
and  custodian  of  the  Smithsonian  deposit. 

Mr.  Brockett  will  attend  to  matters  relating  to  the  Smithsonian  Institution 
library  and  the  Institution's  interests  at  the  Library  of  Congress.  During  the  few 
months  he  has  been  in  the  library  he  has  made  himself  familiar  with  the  various 
iletails  of  the  office  and  the  Smithsonian  deposit. 

Early  in  November,  1901,  Gren.  John  Watts  dePeyster  presented  to  the  Institution  bis 
magnificent  collection  of  books  and  pamphlets  relating  to  Napoleon  Bonaparte,  to  be 
known  as  the  "Watts  de  Peyster  Collection,  Napoleon  Bonaparte."  It  is  a  very 
complete  one,  containing  books  from  all  countries  and  in  all  langui^^es.  In  it  I  have 
noticed  many  rare  volumes,  and  the  valuation  of  $10,000,  put  upon  it  by  General  de 
Peyster,  I  think  very  low,  for  a  number  of  the  books  were  long  ago  out  of  print  and 
have  now  reached  the  point  where  no  price  can  be  put  upon  them.  There  have 
been  received  from  General  de  Peyster  nearly  2,000  volumes,  which  are  now  in  tem- 
porary cases,  but  the  number  of  books  has  outgrown  the  space  provided.  A  running 
list  has  been  made  and  sent  to  General  de  Peyster  for  his  information,  and  at  a 
very  early  date  suggestions  for  the  permanent  care  and  the  making  of  a  card  cata- 
logue of  this  collection  will  be  presented  for  your  consideration. 

The  art  room  has  received  considerable  attention,  and,  in  accordance  with  the  Sec- 
retary's wish,  the  collection  of  photographs  of  representative  portraits  by  the  old 
masters  has  been  returned  from  the  Buffalo  Exposition  and  hung  upon  the  walls  in 
chronological  order.  The  question  of  extending  the  Parthenon  frieze  around  the 
entire  room  has  been  taken  up  and  it  is  hoped  that  it  will  be  in  place  during  the 
summer. 
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With  the  allotment  from  the  Smithsonian  Institution  funds  for  the  maintenance 
of  the  International  Catalogue  of  Scientific  Literature,  a  regional  bureau  has  been 
established  and  the  work  carried  on.  The  temporary  provision  for  the  coming  year 
will  warrant  only  the  employment  of  the  same  force,  which  is  entirely  inadequate 
to  properly  care  for  the  numerous  duties  imposed.  A  sum  of  at  least  $10,000  per 
annum  is  needed  for  the  United  States  R^onal  Bureau,  and  it  is  hoped  that  Congress 
will,  now  that  the  publication  is  actually  begun,  appropriate  the  necessary  funds  for 
the  representation  of  the  United  States  in  an  undertaking  which  will  render  aid  to 
all  branches  of  scientific  learning  throughout  the  country. 

The  work  done  for  the  yoar  ending  June  30,  1902,  is  in  brief  as  follows:  (1)  The 
general  organization  of  a  regional  bureau,  including  means  of  collecting  and  dispos- 
ing of  all  scientific  matter  published  in  the  United  States;  (2)  making  a  list  of  the 
periodicals  of  the  United  States  coming  within  the  scope  of  the  catalogue;  (3)  pre- 
paring and  classifying  index  reference  slips  to  the  scientific  publications  of  1901  and 
forwarding  these  slips  to  the  London  Central  Bureau.  The  slips  forwarded  up  to 
June  30,  1901,  number  6,990.  The  first  two  volumes  of  the  International  Catalogue 
of  Scientific  Literature  for  1901  have  appeared.  They  are:  Botany,  Part  I,  of  1901, 
and  Chemistry,  Part  I,  of  1901,  and  were  published  in  May  and  June  of  the  present 
year. 

The  crowded  condition  of  the  National  Museum  Library  has  been  relieved  by  the 
addition  of  galleries  in  two  of  the  halls  of  the  Museum  building.  These  contain  a 
total  floor  spac«  of  2,592  square  feet.  During  the  coming  year  the  entire  series  of 
scientific  publications  will  be  rearranged,  thus  increasing  the  usefulness  of  the  library. 

The  files  of  periodicals  have  been  gone  over  and  the  missing  numbers  obtained. 
Owing  to  the  small  force,  this  has  been  done  at  odd  times  when  the  regular  work 
would  allow,  and  has  resulted  in  the  completing  of  31  of  the  106  sets  examined. 

The  accessions  number  a  total  of  19,553  books,  pamphlets,  and  periodicals,  of 
which  3,660  were  a  portion  of  the  Smithsonian  deposit;  23,149  books  were  borrowed. 
The  number  of  periodicals  entered  was  9,297,  and  2,189  cards  were  added  to  the 
Authors*  Catalogue  of  the  Museum  Library.  This  last  does  not  include,  however, 
1,605  cards  for  books  and  pamphlets  recatalogued. 

The  sectional  libraries  established  in  the  Museum  are  as  follows: 


Administration. 

Administrative  assistant. 

Anthropology. 

Biology. 

Birds. 

Botany. 

Children's  room. 

Comparative  anatomy. 

Editor. 

Ethnology. 

Respectfully  submitted. 


Fishes. 

Geology. 

History. 

Insects. 

Mammals. 

Marine  invertebrates. 

Materia  medica. 

Mesozoic  fossils. 

Mineralogy. 

Mollusks. 


Mr.  S.  P.  L ANGLE Y, 

SecreUiry  of  the  Smiihsonian  InstUulian, 


Oriental  archaeology. 

Paleobotany. 

Parasites. 

Photography. 

Prehistoric  anthropology. 

Reptiles. 

Stratigraphic  paleontology. 

Superintendent. 

Taxidermy. 

Technology. 

Cybus  Adlsr,  lAbrarian. 


Appendix  VII. 

KEPORT  OF  THE  EDITOR 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  publications  of  the 
Smithsonian  Institution  and  its  bureaus  during  the  year  ending  June  30,  1902. 

I.    SMITHMOXIAX    <:X>>TRIBUTIONa  TO    KNOWLEDGE. 

1309.  Hodgkins  fund.  Experiments  with  Ionized  Air,  by  Carl  Barus,  Hazard 
professor  of  physics  in  Brown  University.  City  of  Washington:  Published  by  the 
Smithsonian  Institution,  1901.     Quarto.     Pages  x-f-95. 

801.  Experiments  in  Aerodynamics,  by  S.  P.  Langley.  Setx)nd  edition.  (First 
edition  published  in  1891.)  City  of  Washington:  Published  by  the  Smithsonian 
Institution,  1902.     Quarto.     Pages  ii— 115,  with  Plates  I-XII. 

II.    MISCELLANEOUS  COLLECTIONS. 

1259.  List  of  Observatories.  City  of  Washington:  Published  by  the  Smithsonian 
Institution,  1902.     Octavo.     Pages  48. 

1312.  Index  to  the  Literature  of  the  Spectroscope  (1887-1900,  both  inclusive) 
[continuation  of  the  previous  index  by  the  same  author  published  in  1888],  by 
Alfred  Tuckerman.  Washington  City:  Published  by  the  Smithsonian  Institution, 
1902.  Octavo.  Pages  iii  t  373.  This  index  is  brought  to  the  end  of  the  year  1900, 
after  which  date  the  Infernational  Committee  for  Indexing  Scientific  Literature 
begins  the  continuation  of  the  work  of  cataloguing  spectroscopy. 

1313.  A  Bibliography  of  the  Analytical  Chemistry  of  Manganene,  1785-1900,  by 
Henry  P.  Talbot  and  John  W.  Brown.  City  of  Washington:  Publishe<i  by  the 
Smithsonian  Institution,  1902.     Octavo.     Pages  vi  11+ 124. 

1174.  Smithsonian  Miscellaneous  Collections.  Vol.  XLI.  City  of  Washington: 
Published  by  the  Smithsonian  Institution,  1902.     Octavo.     Pages  v  fll86. 

CONTENTS. 

Index  to  the  Literature  of  Thallium,  1861-1896,  by  Martha  Diian.  Washitifrton,  1899.  (Number 
1171.) 

Index  to  the  Literature  of  Zirconium,  by  A.  C.  Langrmuir  and  Charlefl  Baflkerrille.  Wa.««hinjrton, 
1899.    (Number  1173.) 

A  Select  Bibliography  of  Chemiiitry,  1492-1897,  by  Henr}'  (^arrlnirton  Bolton.  Section  viii.  Aca- 
demic DisierUtions.    Wa«hinirU>n,  1901.    (Number  1253.) 

On  the  Cheapcf).  Form  of  Light,  by  S.  P.  Langley  and  F.  W.  Very.  Waahington,  1901.  (Number 
1258.) 

List  of  Observatories,  Washington,  1902.     (Number  1259.) 

Index  to  the  Literature  of  the  Spectroscope,  1887-1900,  by  Alfred  Tuckerman.  Washington,  1902. 
(Number  1312.) 

A  Bibliography  of  the  Analytical  Chemistry  of  Manganese,  1785-1900,  by  Henry  P.  Talbot  and  John 
W.  Brown.    Washington.  1902.    (Number  1313.) 

Chemical  Societies  of  the  Nineteenth  Century,  by  Henry  Garrington  Bolton.  Washington.  1902. 
(Number  1314.) 

III.    SMITHSONIAN    ANNUAL   REPORTS. 

'  The  annaal  report  is  in  two  parts  or  volumes,  one  devoted  to  the  Institution  proper 
and  the  other  to  the  National  Museum.     The  Smithsonian  vohinie  for  1900  was 
mentioned  in  the  last  report  of  the  editor;  the  volume  for  1901  was  in  type,  though 
100 
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the  presawork,  with  the  exception  of  the  Secretary's  Report,  was  not  completed  at 
the  close  of  the  fiscal  year.    The  contents  of  the  1901  report  are  as  follows: 

1315.  Journal  of  Proceedings  of  the  Board  of  Regents  of  the  Smithsonian  Institu- 
tion, report  of  executive  committee,  acts  and  resolutions  of  Congress.  From  the 
Smithsonian  Report  for  1901,  pages  xiii-lxvii.  Washington:  Government  Printing 
Office,  1902.    Octavo. 

1311.  Report  of  S.  P.  Langley,  Secretary  of  the  Smithsonian  Institution,  for  the 
year  ending  June  30, 1901.  Washington:  Government  Printing  Office,  1901.  Octavo. 
Pages  v-r  140,  with  13  plates. 

1316.  The  Smithsonian  Institution.  From  the  Smithsonian  Report  for  1901,  pages 
145-151,  with  Plates  I-VI.    Washington:  Government  Printing  Office,  1902.    Octavo. 

1317.  Some  Recent  Astronomical  Events,  by  C.  G.  Abbot.  From  the  Smithsonian 
Report  for  1901,  pages  153-169,  with  Plates  I-VI.  W^ashington:  (irQveniment  Print- 
ing Office,  1902.     Octavo. 

1318.  A  Model  of  Nature,  by  Arthur  W.  Rucker.  From  the  Smithsonian  Report 
for  1901,  pages  171-191.     Washington:  Government  Printing  Office,  1902.     Octavo. 

1319.  A  Century  of  the  Study  of  Meteorites,  by  Dr.  Oliver  C.  Farrington.  From 
the  Smithsonian  Report  for  1901,  pages  193-197.  Washington:  Government  Print- 
ing Office,  1902.    Octavo. 

1320.  Recent  Studies  in  Gravitation,  by  Prof.  John  H.  Poynting.  From  the 
Smithsonian  Report  for  1901,  pages  199-214.  Washington:  Government  Printing 
Office,  1902.     Octavo. 

1321.  On  Ether  and  Gravitational  Matter  through  Infinite  Space,  by  Lord  Kelvin. 
From  the  Smithsonian  Report  for  1901,  pages  215-230.  Washington:  Government 
Printing  Office,  1902.     Octavo. 

1322.  On  Bodies  Smaller  than  Atoms,  by  Prof.  J.  J.  Thomson.  From  the  Smith- 
sonian Report  for  1901,  pages  231-243.  Washington:  Government  Printing  Office, 
1902. .  Octavo. 

1323.  The  Exploration  of  the  Atmosphere  at  Sea  by  Means  of  Kites,  by  A.  Law- 
rence Rotch.  From  the  Smithsonian  Report  for  1901,  pages  245-249,  with  Plates 
I,  II.     Washington:  Government  Printing  Office,  1902.    Octavo. 
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States  National  Museum  for  1900,  pages  305-416,  with  21  plates.  Washington:  Gov- 
ernment Printing  Office,  1902.     Octavo. 

R.  S.  119.  Contributions  to  the  History  of  Musical  Scales,  by  Charles  Kaason  Wead, 
examiner,  United  States  Patent  Office.  From  the  Report  of  the  United  States 
National  Museum  for  1900,  pages  417-462,  with  10  plates.  Washington:  Govern- 
ment Printing  Office,  1902.     Octavo. 

R.  S.  120.  A  Collection  of  Hopi  Ceremonial  Pigments,  by  Walter  Hough.  From 
the  Report  of  the  United  States  National  Museum  for  1900,  pages  463-471.  W^ash- 
ington:  Government  Printing  Office,  1902.     Octavo. 

R.  S.  121.  Descriptive  Catalogue  of  the  Collections  of  Gems  in  the  United  States 
National  Museum,  by  Wirt  Tassin,  assistant  curator,  Division  of  Mineralogy.  From 
the  Report  of  the  United  States  National  Museum  for  1900,  pages  473-670,  with  9 
plates.    Washington:  Government  Printing  Office,  1902.     Octavo. 

R.  S.  122.  Descriptive  Catalogue  of  the  Meteorite  Collection  in  the  United  States 
National  Museum,  to  January  1,  1902,  by  Wirt  Tassin,  assistant  curator.  Division  of 
Mineralogy.  From  the  Report  of  the  United  States  National  Museum  for  1900,  pages 
671-698,  with  4  plates.     Washington:  Government  Printing  Office,  1902.     Octavo. 

Proceedings  of  the  United  States  National  Museum,  Vol.  XXIII,  published  under 
the  direction  of  the  Smithsonian  Institution.  Washington:  Government  Printing 
Office,  1901.     Octavo.     Pages  xv,  952,'  with  44  plates. 

The  following  separate  papers  from  the  Proceedings  were  issued  during  the  fiscal 
year: 

Proc.  1235.  List  of  Fishes  Collected  in  1883  and  1885  by  Pierre  Louis  Jouy  and 
Preserved  in  the  United  States  National  Museum,  with  Descriptions  of  Six  New  Spe- 
cies, by  David  Starr  Jordan  and  John  Otterbein  Snyder.  From  the  Proceedings  of 
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Washington:  Government  Printing  Office,  1901.    Octavo. 

Proc.  1240.  A  Review  of  the  Cardinal  Fishes  of  Japan,  by  David  Starr  Jordan  and 
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ington: Government  Printing  Office,  1901.     Octavo. 

Proc.  1242.  List  of  the  Myriapod  Family  Lithobidae  of  Salt  Lake  County,  Utah, 
with  Descriptions  of  Five  New  Species,  by  Ralph  V.  Chamberlin.  From  the  Pro- 
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Vicinity  of  La  Guaira,  Venezuela,  with  Descriptions  of  Two  New  Species  of  Snakes, 
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Banks.  From  the  Proceedings  of  the  United  States  National  Museum,  Vol.  XXIV, 
pa^es  217-227,  with  Plate  XV.  Washington:  Government  Printing  Office,  1901. 
Octavo. 
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ton. From  the  Proceedings  of  the  United  States  National  Museum,  Vol.  XXIV, 
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bia, by  Harry  C.  Oberholser.  From  the  Proceedings  of  the  United  States  National 
Museum,  Vol.  XXIV,  pages  309-342.     Washington:  Government  Printing  Office, 

1902.  Octavo. 

Proc.  1259.  A  Review  of  the  Discobolous  Fishes  of  Japan,  by  David  Starr  Jordan 
and  John  Otterbein  Snyder.  From  the  Proceedings  of  the  Unitetl  States  National 
Museum,  Vol.  XXIV,  pages  343-351.  Washington:  Government  Printing  Office, 
1902.    Octavo. 

Proc.  1260.  A  Review  of  the  Japanese  Species  of  Surf-Fishes  or  Embiotocidte,  by 
David  Starr  Jordan  (assisted  by  Michitaro  Sindo).  From  the  Proceedings  of  the 
United  States  National  Museum,  Vol.  XXIV,  pages  353-359.  Washington:  Govern- 
ment Printing  Office,  1902.    Octavo. 

Proc.  1261.  A  Review  of  the  Pediculate  Fishes  or  Anglers  of  Japan,  by  David 
Starr  Jordan  (assistetl  by  Michitaro  Sindo).  From  the  Proceedings  of  the  United 
States  National  Museum,  Vol.  XXIV,  pages  361-381.  Washington:  Government 
Printing  Office,  1902.     Octavo. 

Proc.  1262.  Descriptions  of  New  American  Butterflies,  by  William  Schaus.  From 
the  Proceedings  of  the  Uniteil  States  National  Museum,  Vol.  XXIV,  pages  383-460. 
Washington:  Government  Printing  Office,  1902.     Octavo. 

Proc.  1263.  A  Review  of  the  Trachinoid  Fishes  and  Their  Supposed  Allies  Found 
in  the  Waters  of  Japan,  by  David  Starr  Jordan  and  John  Otterbein  Snyder.  From 
the  Proceedings  of  the  United  States  National  Museum,  Vol.  XXIV,  pages  461-497. 
Washington:  Government  Printing  Office,  1902.     Octavo. 

Proc.  1264.  Illustrations  and  Descriptions  of  New,  Unfigured.  or  Imperfectly 
Known  Shells,  Chiefly  American,  in  the  United  States  National  Museum,  by 
William  Healey  Dall.  From  the  Proceeilings of  the  Uniteil  States  National  Museum, 
Vol.  XXIV,  pages  499-566,  with  Plates  XXVIl-XL.  Washington:  Government 
Printing  Office,  1902.     Octavo. 

Proc.  1265.  A  Review  of  the  Salmonoid  Fishes  of  Japan,  by  David  Starr  Jordan 
and  John  Otterbein  Snyder.  From  the  Proceedings  of.  the  United  States  National 
Museum,  Vol.  XXIV,  pages  567-593.  Washington:  Government  Printing  Office, 
1902.    Octavo. 

Proc.  1266.  A  Review  of  the  Labroid  Fishes  and  Related  Fonns  found  in  the  Waters 
of  Japan,  by  David  Starr  Jordan  and  John  Otterbein  Snyder.    From  the  Proceedings 
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of  the  United  States  National  Museum,  Vol.  XXIV,  pages  595-662.  Washington: 
Government  Printing  Office,  1902.     Octavo. 

Proc.  1267.  List  of  Generic  Terms  Proposed  for  Birds  during  the  Years  1890  to 
1900,  Inclusive,  to  which  are  Added  Names  Omitted  by  Waterhouse  in  his  "Index 
Genenim  Avium,'*  by  Charles  W.  Richmond.  From  the  Proceedings  of  the  United 
States  National  Museum,  Vol.  XXIV,  pages  663-729.  Washington:  Government 
Printing  Office,  1902.     Octavo. 

Pro<!.  1268.  A  Review  of  the  American  Moths  of  the  Genus  Depressaria  Haworth, 
with  Descriptions  of  New  Species,  by  August  Busck.  From  the  Proceedings  of  the 
United  States  National  Museum,  Vol.  XXIV,  pages  731-749.  Washington:  Govern- 
ment Printing  Office,  1902.     Octavo. 

Proc.  1269.  The  Mammals  of  the  Andaman  and  Nicobar  Islands,  by  Gerrit  S.  Miller, 
jr.  From  the  Proceedings  of  the  United  States  National  Museum,  Vol.  XXIV,  pages 
751-795,  with  Plates  XLI-XLII.  Washington:  Government  Printing  Office,  1902. 
Octavo. 

Proc.  1270.  Henicops  dolichopus,  A  New  Chilopod  from  Utah,  by  Ralph  V.  Cham- 
berlin.  From  the  Proceedings  of  the  United  States  National  Museum,  Vol.  XXIV, 
pages  797-800.     Washington:  Government  Printing  Office,  1902.     Octavo. 

Proc.  1271.  A  Review  of  the  Larks  of  the  Genus  Otocoris,  by  Harry  C.  Oberholser. 
From  the  Proceedings  of  the  United  States  National  Museum,  Vol.  XXIV,  pages 
801-883,  with  Plates  XLIII-XLIX.  Washington :  Government  Printing  Office,  1902. 
Octavo. 

Proc.  1272.  Descriptions  of  New  Decapod  Crustaceans  from  the  West  Coast  of  North 
America,  by  Mary  J.  Rathbun.  From  the  Proceedings  of  the  United  States  National 
Museum,  Vol.  XXIV,  pages  885-905.  Washington:  Government  Printing  Office,  1902. 
Octavo. 

Proc.  1273.  A  Newly  Found  Meteorite  from  Admire,  Lyon  County,  Kansas,  by 
George  P.  Merrill.  From  the  Proceedings  of  the  United  States  National  Museum, 
Vol.  XXIV,  pages  907-913,  with  Plates  I^-LVl.  Washington:  Government  Printing 
Office,  1902.     Octavo. 

Proc.  1274.  Descriptions  of  Three  New  Birds  from  the  Southern  United  States,  by 
Edgar  A.  Meams.  From  the  Proceedings  of  the  United  States  National  Museum, 
Vol.  XXIV,  pages 915-926.    Washington:  Government  Printing  Office,  1902.    Octavo. 

Directions  for  Preparing  Study  Specimens  of  Small  Mammals,  by  Gerrit  S.  Miller, 
jr.,  a&sistant  curator,  division  of  mammals.  Part  N  of  Bulletin  of  the  United  States 
National  Museum,  No.  39.  Second  edition,  revised,  with  abstracts  in  German, 
French,  and  Spanish.  Washington:  Government  Printing  Office,  1901.  Octavo, 
pages  25. 

Directions  for  Collectors  of  American  Basketry,  by  Otis  T.  Mason,  curator,  division 
of  ethnology.  Part  P  of  Bulletin  of  the  United  States  National  Museum,  No.  39. 
Washington:  Government  Printing  Office^  1902.    Octavo,  pages  31. 

Bulletin  of  the  United  States  National  Museum,  No.  50.  The  Birds  of  North  and 
Middle  America,  by  Robert  Ridgway,  curator,  division  of  birds.  Part  I.  Washing- 
ton: Government  Printing  Office,  1901.    Octavo,  pages  xxx4-715,  with  20  plates. 

Bulletin  of  the  United  States  National  Museum,  No.  51.  A  list  of  the  Publications 
of  the  United  States  National  Museum,  by  Randolph  1.  Geare,  chief  of  correspond- 
ence and  documents.  Washington:  Government  Printing  Office,  1902.  Octavo, 
pages  vii+168. 

v.    PUBLICATIONS  OF  THE   ASTROPHYSICAL   OBSERVATORY. 

A  second  edition  of  Volume  1  of  the  Annals  of  the  Astrophysical  Observatory 
was  printetl  during  the  year  fronj  the  stereotype  plates  as  corrected  for  the  following 
Senate  document,  of  which  it  formed  a  part:  Senate  Document  No.  20,  Fifty-seventh 
Congress,  first  session.     Report  of  the  Secretary  of  the  Smithsonian  Institution  of 
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all  appropriations  heretofore  expended  by  the  Ajstrophysical  Obeervatory,  results 
reached^  and  present  condition  of  the  work.  In  response  to  Senate  resolution  of 
February  25,  1901.  Washington:  Government  Printing  Office,  1902.  Quarto,  pages 
xxxiii-f  308,  with  44  plates. 

VI.    PUBLICATIONS  OF  THE    BUREAT    OF   AMERICAN    ETHNOLOOY. 

Eighteenth  Annual  Report  of  the  Bureau  of  American  Ethnology  to  the  Secretary 
of  the  Smithsonian  Institution.  1896-97.  By  J.  W.  Powell,  Director.  In  two 
parts.  Part  II.  Washington:  Government  Printing  Office,  1899.  Imperial  octavo, 
pp.  521-997,  with  67  plates.  Conteniit:  Indian  Land  Cessions  in  the  United  States. 
Compiled  by  Charles  C.  Boyce,  with  an  introduction  b)'  Cynis  Thomas. 

The  separate  papers  of  Part  I  of  the  Nineteenth  Annual  Beport  were  received  from 
the  printer  and  distributed  before  the  close  of  the  fiscal  year,  but  the  bound  volume 
was  not  completed.    The  two  parts  of  this  report  comprise  the  following  papers: 

Beport  of  the  Director,  pages  xi-xcii,  frontispiece. 

Myths  of  the  Cherokee,  by  James  Mooney,  pages  3-548,  plates  i-xx,  figures  1-2. 

Tusayan  Migration  Traditions,  by  J.  W.  Fewkes,  pages  573-634. 

Localization  of  Tusayan  Clans,  by  Cosmos  Mindeleff,  pages  635-653,  plates  xxi- 
XXVIII,  figure  3. 

Mounds  in  Northern  Honduras,  by  Thomas  Gann,  pages  655-692,  plates  xxix- 
XXXIX,  figures  4-7. 

Mayan  Calendar  Systems,  by  Cyrus  Thomas,  pages  693-819,  plates  xi/-xliv,  fig- 
ures 8-22. 

Primitive  Numbers,  by  W  J  McGee,  pages  821-851. 

Numeral  Systems  of  Mexico  and  Central  America,  by  Cyrus  Thomas,  pages 
853-955,  figures  23-41. 

Tusayan  Flute  and  Snake  Ceremonies,  by  J.  W.  Fewkes,  pages  957-1011,  plates 
XLV-Lxv,  figures  42-46. 

The  Wild  Bice  Gatherers  of  the  Upper  Lakes,  by  A.  K.  Jenks,  pages  1013-1137, 
plates  Lxvi-Lxxix,  figures  47-48. 

Bulletin  26.  Kathlamet  Texts,  by  Franz  Boas.  Washington:  Government  Print- 
ing Office,  1901.     Octavo,  pages  261,  with  1  plate. 

VII.    PUBLICATIONS  OF  AMERICAN    HISTORICAL   ASSOCIATION. 

The  Annual  Beport  of  the  American  Historical  Association  for  the  year  1901  was 
sent  to  the  printer  toward  the  close  of  the  fiscal  year,  and  most  of  it  was  in  type 
before  June  30.     The  report  is  in  two  volumes,  with  the  following  contents: 

Volume  I:  Beport  of  Proceeding  of  Seventeenth  Annual  Meeting  at  Washington, 
D.  C,  December  27-31,  1901,  by  Charles  H.  Haskins,  corresponding  secretary;  An 
Undeveloped  Function,  Inaugural  address  by  President  Charles  Francis  Adams; 
The  Massachusetts  Public  Becord  Commission  and  its  Work,  by  Bobert  T.  Swan; 
The  Belation  of  the  National  Library  to  Historical  Be^earch  in  the  United  States, 
by  Herbert  Putnam,  Librarian  of  Congress;  The  Sandemanians  of  New  England,  by 
Prof.  Williston  Walker;  James  Madison  and  Beligious  Liberty,  by  Gaillard  Hunt; 
The  Chronolog>'  of  the  Erasmus  Letters,  by  Prof.  Ephraiiu  Emerton;  Moses  Coit 
Tyler,  by  Prof.  George  L.  Burr;  Herbert  B.  Adams,  by  Prof.  John  M.  Vincent; 
Maryland's  First  Courts,  by  Dr.  Bernard  C.  Steiner;  Southwestern  History  in  the 
Southwest,  by  Prof.  Geoi^^  P.  Garrison;  Committees  of  Correspondence  of  the 
American  Be  volution,  by  Dr.  Edward  D.  Collins;  Jay's  Treaty  and  the  Slavery 
Interests  of  the  United  States, 'by  Frederic  Austin  Ogg;  The  Legislative  History  of 
Naturalization  in  the  United  States,  1776-1795,  by  F.  G.  Franklin;  The  Influence  of 
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I  Pftrty  upon  Legislation  in  England  and  America,  by  Prof.  A.  Lawrence  Lowell 

(with  four  diagrams) ;  London  Company  Records,  by  President  Lyon  G.  Tyler; 
The  Relation  between  the  Virginia  Planter  and  the  London  Merchant,  by  Prof. 
John  3.  Bassett;  Index. 

Volume  II:  Georgia  and  State  Rights,  prize  essay  by  Ulrich  Bonnell  Phillips; 
Report  of  the  Public  Archives  Commission. 

VIII.    NATIONAL  SOCIETY   OP  THE    DAUGHTERS  OF  THE   AMERICAN  REVOLUTION. 

The  fourth  report  of  the  Society  was  received  and  submitted  to  Coi^ress. 

Respectfully  submitted. 

A.  Howard  Clark,  Editor, 
Mr.  S.  P.  Langley, 

Secretary  Smithsonian  InstUvlion, 
AuGUOT  1,  1902. 


Appendix  VIII. 

REPORT  OF  THE  REPRESENTATIVE  OF  THE  SMITHSONIAN  INSTI- 
TUTION AND  NATIONAL  MUSEUM,  PAN-AMERICAN  EXPOSITION, 
BUFFALO,  NEW  YORK,  1901. 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  Pan-American  Exposi- 
tion, held  at  Buffalo,  N.  Y.,  from  May  1,  1901,  to  November  2,  1901,  inclusive: 

Participation  in  this  exposition  by  the  Smithsonian  Institution  and  National  Museum 
was  provided  for  in  the  act  of  Congress,  approved  March  3, 1899,  appropriating  the  sum 
of  1200,000  for  a  Government  building  and  the  sum  of  $300,000  for  a  Government 
exhibit.  Of  the  latter  sum  $50,000  was  allotted  to  the  Institution  and  Museum,  and 
$2,500  was  transferred  from  the  allotment  of  the  Interior  Department  for  the  joint 
preparation  of  a  restoration  of  the  gigantic  extinct  American  reptile  known  as  Tri- 
ceratops.  Subsequently  the  Smithsonian  allotment  was  assessed  $1,960.79  for  a  gen- 
eral exhibit  from  the  Philippine  Islands  to  be  prepared  under  the  supervision  of  a 
special  committee  of  Government  board,  and  $200  was  transferred  to  the  allotment 
of  the  War  Department.    The  net  Smithsonian  allotment  was,  therefore,  $50,339.21. 

All  the  dependencies  of  the  Institution  were  represented  by  separate  displays 
except  the  Bureau  of  American  Ethnology,  which  cooperate<i  with  the  Department 
of  Anthropology  in  the  National  Museum. 

The  space  in  the  Government  building  assigned  to  the  Institution  and  Museum  was 
at  the  northwest  comer  and  comprised  about  7,500  square  feet,  having  a  frontage  on 
the  main  aisle  of  about  133  feet  and  a  depth  of  56  feet. 

The  act  of  Congress  providing  for  the  Government  exhibit  stipulated  that  it  should 
comprise  ''such  articles  and  material  as  illustrate  the  function  and  administrative 
faculty  of  the  Government  in  time  of  ])eace  and  ♦  *  *  tending  to  demonstrate 
the  nature  of  our  institutions  and  their  adaptation  to  the  wants  of  the  people.'' 
Following  out  the  spirit  of  the  law,  the  exhibits  of  the  Institution  and  Museum  were 
planned  to  show  their  scope  and  methods  of  work,  and  at  the  same  time  to  indicate 
their  resources. 

In  the  case  of  the  National  Museum  such  topics  were  chosen  for  illustration  as 
were  germane  to  the  central  idea  of  the  exposition,  namely,  a  display  of  the  prod- 
ucts of  nature  and  the  works  of  man  in  the  Western  Hemisphere.  The  Museum  on 
this  occasion,  as  previously,  prepared  much  larger  exhibits  than  the  other  bureaus 
of  the  Institution,  on  accourt  of  its  peculiar  functions  and  resources  which  fit  it  to 
participate  extensively  in  enterprises  of  this  kind.  The  displays  of  the  other  bureaus 
were  necessarily  limited,  for  the  most  part,  to  such  pictures,  models,  and  publications 
as  would  serve  to  indicate  the  material  with  which  and  the  conditions  imder  which 
their  work  is  carried  on,  and  some  of  tbe  results  of  their  activities. 

SMITHSONIAN   INSTITUTION  PROPER. 

The  work  of  the  Smithsonian  Institution  covera  fields  more  varied  than  is  gener- 
ally supposed.  It  may  be  a  surprise  to  many  to  know  that  by  the  Congressional  act 
of  its  foundation  it  is  devoted  primarily  to  art  and  only  secondarily  to  science.  One 
of  its  interests,  which  has  not  hitherto  been  presented  in  a  temporary  exposition,  is 
the  fostering  of  art.  To  impress  on  the  minds  of  the  public  the  fact  that  this  is  a 
110 
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feature  of  the  work  of  the  Institution,  two  series  of  reproductions  of  paintings  were 
exhibited,  one  representing  the  history  of  painting  and  the  second  the  history  of 
portraiture.  These  two  important  topics  could  be  illustrated  only  in  outline  on 
account  of  limited  space,  but  the  series  included  reproductions  of  a  considerable 
number  of  the  greatest  paintings  and  portraits  of  all  epochs  and  schools. 

In  addition,  the  exhibit  of  the  Institution  included  a  complete  set  of  its  publica- 
tions and  those  of  its  bureaus;  portraits  of  the  secretaries;  personal  relics  of  James 
Smithson;  a  cast  of  the  bronze  tablet  recently  placed  on  the  tomb  of  Smithson  at 
Genoa,  Italy;  a  copy  of  the  seal  of  the  Institution;  objects  and  papers  relating  to 
the  Hodgkins  fund,  including  publications,  medals,  and  a  portrait  of  the  founder, 
Thomas  G.  Hodgkins;  two  large  photographs  of  the  aerodrome  of  Secretary  Lang- 
ley;  a  picture  of  the  Smithsonian  building;  and  copies  of  the  history  of  the  first 
half  century  of  the  Smithsonian  Institution. 

The  exhibit  of  the  Institution  was  installed  in  the  extreme  northwest  corner  of 
the  building.  It  was  assembled,  under  the  direction  of  the  Secretary,  by  Dr.  Richard 
Rathbun,  Assistant  Secretary. 

BUREAU   OP   AMERICAN   ETHNOLOGY. 

As  already  stated,  this  Bureau  made  no  separate  exhibit  at  Buffalo,  but  cooperated 
with  the  department  of  anthropology  of  the  National  Museum.  Dr.  W  J  McGee, 
of  the  Bureau  of  American  Ethnology,  made  an  expedition  to  Sonora,  Mexico,  for  the 
purpose  of  obtaining  a  collection  representing  the  arts  of  the  Seri  Indians.  On 
reaching  their  country,  however,  he  found  that  the  tribe  was  exterminated,  and  he 
then  turned  his  attention  to  the  Cocopa  Indians,  from  whom  he  obtained  an  impor- 
tant collection. 

NATIONAL  ZOOLOGICAL  PARK. 

The  chief  exhibit  of  the  park  was  an  elaborate  relief  model  showing  the  topo- 
graphical featU4:es  of  the  grounds  and  the  location  of  the  animal  houses,  paddocks, 
ranges,  and  cages.  This  was  supplemented  by  photographs  of  some  of  the  principal 
houses  and  of  picturesque  points  in  the  park. 

BUREAU   OF   INTERNATIONAL   EXCHANGES. 

It  will  be  appreciated  that  the  work  of  the  Bureau  of  Exchanges  does  not  lend  itself 
to  exhibition  by  material  objects.  The  exhibit  at  Buffalo  consisted  of  a  set  of  Govern- 
ment publications  such  as  are  distributed  annually  to  other  govemiuents  throughout 
the  world,  and  a  series  of  photographs  showing  the  interior  of  the  offices  of  the  Bureau 
in  Washington  and  the  receipt  and  dispatch  of  consignments  of  scientific  publications. 

A8TR0PHY8ICAL  OBSERVATORY. 

The  exhibit  of  this  Bureau  was  selected  and  prepared,  under  the  direction  of  the 
Secretary  of  the  Institution. 

The  principal  object  in  the  exhibit  was  a  photograph  of  the  infra-red  end  of  the 
solar  spectrum,  showing  the  work  of  the  Observatory  on  this  subject  for  a  period  of 
years.  The  photograph  was  enlarged  so  as  to  have  a  length  of  about  20  feet,  and 
was  displayed  on  the  north  wall.  There  was  also  exhibited  a  series  of  photographs 
of  the  solar  eclipse,  as  observed  at  Waynesboro,  N.  C. 

In  a  table  case  near  by  was  shown  a  copy  of  Volume  I  of  the  Annals  of  the  Astro- 
physical  Observaiory,  a  new  serial  publication  containing  the  results  of  the  work  of 
the  Observatory.  The  following  objects  were  also  exhibited:  The  bolometer,  or 
electric  thermometer,  an  extremely  sensitive  instrument,  the  invention  ot  Mr. 
Langley,  used  in  measuring  the  heat  of  the  invisible  spectrum  of  the  sun,  the  tem- 
perature of  the  stars,  etc. ;  photographs  of  other  instruments  used  in  the  Observatory, 
such  as  the  siderostat,  galvanometer,  and  spectrometer;  photographs  ot  the  exterior 
and  interior  of  the  Observatory  buildings  in  the  Smithsonian  grounds. 
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NATIONAL  MUSEUM. 

The  exhibit  of  the  National  Museum,  as  on  previous  occasions,  occupied  very 
much  more  space  than  those  of  the  other  bureaus  of  the  Institution. 

It  was  planned  to  show  the  scope  and  methods  of  the  Museum  and  at  the  same 
time  to  illustrate  as  far  as  practicable  some  topic  germane  to  the  general  idea  of  the 
exposition  implied  in  the  name  Pan-American.  The  three  administrative  depart- 
ments made  separate  exhibits,  but  the  lines  of  separation  between  the  various  sub- 
divisions in  these  departments  were  not  recognized  in  every  instance. 

Department  of  Anthropology. — The  exhibit  of  this  department  of  the  Museum  was 
planned  and  prepared  by  Mr.  W.  H.  Holmes,  head  curator,  assisted  by  the  scientific 
staff.    It  occupied  the  south  end  of  the  Museum  space. 

This  exhibit  was  planned  with  the  view  of  representing  the  various  alDoriginal 
peoples  of  America  and  the  material  products  of  their  activities. 

Groups  of  lay  figures. — ^Twelve  of  these  groups  were  exhibited,  each  representing  a 
family  (man,  woman,  and  children),  and  each  with  an  appropriate  setting,  indicating 
customs,  arts,  and  general  environment.  Many  of  the  figures  were  prepared  espe- 
cially for  this  exposition  by  skilled  sculptors  and  preparators,  under  the  personal 
direction  of  the  head  curator,  and  were  the  best  objects  of  the  kind  the  Museum  has 
ever  exhibited.  The  two  largest  groups — those  of  the  Greenland  Eskimo  and  Pata- 
gonians — occupied  cases  12  feet  long  and  8  feet  wide.  The  other  10  groups  were 
somewhat  smaller.  A  complete  list  is  as  follows:  (1)  North  Greenland  Eskimo;  (2) 
Eastern  Eskimo;  (3)  Alaskan  Eskimo;  (4)  Chilcat  Indians,  Alaska;  (5)  Hupa  Indians, 
California;  (6)  Sioux  Indians  of  the  Great  Plains;  (7)  Navajo  Indians  of  the  arid 
region  of  the  United  States;  (8)  Zufii  Indians  of  the  arid  region;  (9)  Oocopa 
Indians,  Sonora,  Mexico;  (10)  Maya  Quiche  Indians,  Guatemala;  (11)  a  Zapotec 
Indian  woman,  Mexico,  a  Jivaro  Indian  man  and  a  Piro  Indian  man,  Brazil;  (12) 
Tehuelche  Indians,  Patagonia.  Nos.  2,  3,  and  11  were  not  complete<I  as  family 
groups, 

Dwelling  group  models. — ^This  series  consisted  of  thirteen  models,  each  about  4  feet 
long  and  2  feet  wide,  representing  the  houses  and  outbuildings  and  appurtenances 
occupied  by  a  family  or  communal  group.    The  following  is  a  list  of  those  models : 

(1)  Snow  houses  of  the  Eskimo:  (2)  earth  house  of  Alaskan  Eskimo;  (3)  wooden 
dwellings  of  the  northwest  coast  Indians;  (4)  skin  and  bark  covered  lodges  of  the 
Montagnais  Indians,  Labrador;  (5)  dwellings  of  the  Sierra  Digger  Indians,  California; 
(6)  skin  lodges  of  the  Great  Plains  Indians;  (7)  grass  houses  of  the  Wichita  Indians 
of  Indian  Territory;  (8)  earth  lodges  of  the  Pawnee  Indians,  Dakota;  (9)  cliff  dwell- 
ings (ruins),  Arizona;  (10)  grass  and  adobe  houses  of  Papago  Indians,  old  style, 
Arizona;  (11 )  grass  and  adobe  houses  of  Papago  Indians,  late  forms;  (12)  pile  dwell- 
ings of  the  Venezuela  tribes;  (13)  skin  shelters  of  the  Patagonians. 

Exhibits  illustrating  leading  actimties  of  American  aborigines. — These  exhibits,  thir- 
teen in  number,  were  designed  to  show  the  status  of  various  American  native  races 
as  regards  culture.    The  series  presented  were  as  follows :  ( 1 )  Fire-making  apparatus; 

(2)  l)ows  and  arrows;  (3)  throwing  sticks;  (4)  harpoons;  (5)  water  craft;  (6)  bas- 
ketry; (7)  woven  fabrics;  (8)  pottery;  (9)  sculpture;  (10)  personal-ornament  neck- 
laces; (11)  tobacco  pipes;  (12)  pictography  and  writing;  (13)  musical  instruments. 

These  series  were  shown  in  standard  Museum  cases,  8}  feet  long  and  7  feet  high, 
and  comprised  many  hundred  objects  of  importance  and  general  interest. 

Department  of  Biology, — The  exhibit  of  this  department  of  the  Museum  was  planned 
and  prepared  by  Dr.  F.  W.  True,  head  curator,  with  the  assistance  of  the  staff  of 
the  divisions  of  mammals,  birds,  reptiles,  and  fishes. 

The  exhibit  of  the  department  was  projected  in  harmony  with  the  general  theme 
of  the  exposition  and  only  American  animals  were  exhibited.  As  space  was  limited 
only  vertebrate  animals  were  included.    In  order  to  fill  gaps  in  the  series  as  far  as 
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poBsible  and  to  make  the  collection  more  significant,  small  collecting  expe<Iitions 
were  sent  out  to  Cuba,  Porto  Rico,  Florida,  and  the  Amazon  River.  These  obtained 
many  fine  characteristic  specimens  not  previously  well  represented  in  the  Museum 
collections.  The  exhibit  as  a  whole  represented  very  satisfactorily  the  most  impor- 
tant, interesting,  and  attractive  American  vertebrates,  both  large  and  small. 

Mammals. — The  collection  of  mammals  included  such  large  forms  as  the  moose, 
elk,  musk  ox,  Caribbean  seal,  Kodiak  bear,  wolf,  puma,  manatee,  mountain  sheep, 
mountain  goat,  etc.  A  considerable  number  of  specimens  were  mounted  especially 
for  the  exposition,  and  represented  the  best  efforts  of  modern  taxidermy.  Several 
important  species  recently  discovered,  such  as  the  Glacier  bear,  Kodiak  Ixjar,  Stone's 
sheep,  etc.,  were  included  in  the  exhibit. 

Birds. — The  collection  of  birds  was  the  largest  series  displayed  by  the  department. 
Such  large  characteristic  birds  as  the  condor,  wild  turkey,  whooping  crane,  Cali- 
fornia vulture,  etc.,  were  represented  by  exceedingly  fine  specimens,  moimted  in  the 
very  best  manner.  The  smaller  birds  included  numerous  species  remarkable  for 
their  brilliant  colors,  peculiar  habits,  or  grotesque  form,  and  as  a  whole  the  series 
was  calculated  to  give  the  visitor  an  excellent  idea  of  the  variety  and  beauty  of  the 
American  bird  fauna  as  a  whole.  An  extensive  collection  of  humming  birds,  an 
exclusively  American  family,  was  shown  in  a  special  case. 

Reptiles  and  hatrachians. — The  collection  of  these  two  classes  was  much  smaller 
than  the  others,  as  the  Museum  had  no  considerable  exhibition  series  ready  at  hand 
to  draw  upon,  and  to  obtain  suitable  material  within  a  specified  time  is  a  matter  of 
the  greatest  difliculty.  The  number  of  suitable  specimens  finally  obtained,  however, 
proved  greater  than  could  be  accommodated  in  the  small  space  which  it  seeuied 
prudent  at  the  outset  of  the  enterprise  to  allot  to  these  two  classes,  which  space  was 
at  the  last  moment  still  further  reduced  to  provide  the  necessary  aisle  room.  Some 
such  remarkable  forms  as  the  mata-mata  tortoise  and  the  large  Amazon  River  tor- 
toise, though  ready  for  exhibition,  were  finally  crowded  out. 

The  exhibit  included  the  more  important  American  poisonous  and  nonpoisonous 
snakes,  various  fresh-water  and  land  tortoises,  characteristic  lizards,  including  the 
large  Cuban  iguana,  and  a  few  toads,  frogs,  salamanders,  and  other  amphibians. 
Among  the  largest  specimens  was  a  tortoise  known  as  the  alligator  snapper,  which  is 
the  laiigest  of  American  fresh-water  tortoises,  and  a  boa  constrictor. 

Fishes. — ^The  collection  of  American  fishes  was  in  three  divisions:  (1)  A  general 
series  of  painted  casts  of  characteristic  marine  and  fresh- water  species;  (2)  a  series  of 
8ub.tropical  marine  fishes  from  Key  West,  Fla.,  preserved  in  formalin;  and  (3)  a  series 
of  the  fishes  of  the  Amazon  River,  also  preserved  in  formalin.  The  collection 
included  the  best  casts  in  the  Museum  permanent  series.  It  is  impracticable  to 
mention  the  species  in  detail  in  this  place,  but  the  series  as  a  whole  was  especially 
strong  in  important  food  and  game  fishes  of  the  lakes  and  rivers  of  North  America, 
and  of  the  Atlantic  coast,  and  characteristic  South  American  species. 

A  special  exhibit  in  this  class  consisted  of  an  enlarged  model  of  a  remarkable  phos- 
phorescent deep-sea  fish,  so  installed  that  the  luminous  spots  in  the  sides  and  the 
lantem-like  protuberance  on  the  head  were  made  to  glow  as  in  life. 

The  mammals  exhibited  by  the  Department  of  Biology  were  installed  in  two  large 
wall  cases,  each  40  feet  long,  in  the  center  of  the  Museum  space,  the  fishes  in  a 
similar  but  shallow  case  at  the  west  end,  the  birds  in  eight  standard  Museum  ''  door- 
screen*'  cases,  and  the  reptiles  and  batrachians  in  four  standard  "slope-top"  cases. 

A  large  proportion  of  the  specimens  in  each  of  the  five  classes  were  provided  with 
descriptive  labels  in  nontechnical  language,  in  which  the  habits  and  geographical 
range  of  each  species  were  cited,  together  with  other  items  of  general  interest. 

Department  of  Geology. — ^The  exhibit  of  this  department  was  planned  and  arranged 
by  Dr.  George  P.  Merrill,  head  curator,  with  the  assistance  of  the  scientific  staff.  It 
occupied  the  north  end  of  the  Museum  space. 
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The  exhibit  followed,  aa  far  as  circumstances  would  permit,  the  lines  of  the 
permanent  exhibition  series  of  the  Museum.  Each  division  of  the  department  was 
represented,  and  in  addition  there  was  included  a  full-sized  restoration  of  the  skeleton 
of  the  huge  extinct  American  reptile  Triceratops,  prepared  and  exhibited  conjointly 
by  the  Museum  and  the  United  States  Geological  Sur\'ey. 

Division  of  Geology. — The  display  made  by  this  division  comprised  three  seeris,  (1) 
a  collection  of  rocks  from  the  Hawaiian  Islands,  (2)  a  series  of  native  elements,  (3) 
a  series  of  concretionary  forms.  The  collection  of  Hawaiian  rocks,  which  occupied 
one  case,  consisted  mainly  of  specimens  obtained  by  the  United  States  Exploring 
Expedition  in  1840,  by  Mr.  A.  B.  Lyon  in  1892,  and  Prof.  C.  H.  Hitchcocrk  in  1899. 
The  rocks  of  these  islands  are  all  of  igneous  character,  except  the  limestones  of  the 
coral  reefs  along  the  shores. 

The  series  of  native  elements  comprised  those  sixteen,  such  as  sulphur,  arsenic, 
gold,. etc.,  which  occur  in  an  uncombined  state  in  the  earth*s  crust.  The  full  series 
was  as  follows:  Carbon,  sulphur,  selenium,  telurium,  arsenic,  antimony,  bismuth, 
gold,  silver,  copper,  lead,  mercury,  platinum,  iridosmine  (iridium  and  osmium),  and 
iron.  This  collection  was  installed  in  a  special  case,  and  particular  care  was  taken 
with  the  details  of  mounting  to  emphasize  its  significance.  Among  the  most  inter- 
esting objects  included  were  a  very  perfect  crystal  of  diamond  from  South  Africa 
(representing  carbon)  and  a  nugget  of  platinum  from  Russia  weighing  444  grams. 

The  series  of  concretionary  forms  included  specimens  of  orbicular  granites  from 
Rhode  Island,  Sweden,  and  Finland,  and  of  septarian  concretions  of  clay  ironstone 
from  New  York,  Ransas,  and  Weymouth,  England,  and  other  localities.  These 
occupied  a  wall  case. 

Divmon  of  Miruralogy. — The  exhibit  of  this  division  consisted  of  an  extensive  neries 
of  minerals,  very  carefully  classified,  arrange<l,  and  labeled  to  illustrate  the  methods 
employed  by  the  Museum  when  exhibiting  large,  systematic  collections.  The  series 
comprised  about  500  specimens  and  was  accompanied  by  47  group  lalx*ls  in  addition 
to  individual  labels  for  each  specimen.  It  occupied  four  standard  Museum  **sloj)e- 
top"  floor  castas. 

Div'tHion  of  Stratiffraphic  Paleomlology — Section  of  luveriehraie  FoHttih. — This  section 
exhibitc<I  two  series  of  invertebrate  fossils,  crinoids  and  cephalopo<is. 

The  crinoids,  or  stone  lilies,  were  represented  by  8i>ecimens  of  94  genera,  and  the 
cephaloi)od8  (cuttlefish,  scjuids,  etc.)  by  specimens  of  146  genera.  They  were 
accompanied  by  de8crij)tive  labels,  the  technical  terms  in  which  were  explained  by 
a  special  series  of  specimens  nrtificially  colored  to  draw  attention'  to  the  particular 
parts  referred  to.  The  collection  was  installed  in  five  standard  Museum  **  door 
screen"  cases. 

Section  of  Vertebrate  Fomh. — On  account  of  the  limited  space,  but  few  vertebrate  fos- 
sils could  l>e  exhibited.  The  exhibit  consiste<l  of  a  full-size  restoration  of  the  skel- 
eton of  the  Tertiary  American  reptile,  TriceratopHj  mention  of  which  has  already  been 
made;  ai^keleton  of  a  cretaceous  fossil  toothed  bird,  HeHpa-omw;  a  restoration  of  the 
skeleton  of  ZeughdoUy  an  extinct  whale-like  mammal  from  the  Eocene,  and  bones 
and  skulls  of  the  mastodon,  mammoth,  and  titanotherium. 

In  the  case  of  7Vicerato)fHj  a  small  model  and  painting  showing  the  prol)able 
external  appearance  of  the  animal  were  exhibited  with  the  restoration  of  the  skel- 
eton, antl  a  large  oil  painting  representing  the  creature  in  its  native  fielcis  was  dis- 
played on  an  adjacent  wall. 

Dr.  F.W.  True,  representative  for  the  Institution  and  Museum  on  the  Govennnent 
Iward,  was  also  chairman  of  the  special  committee  on  exhibits  from  the  Outlying 
Posst'ssions  of  the  I'nitcd  States.  Mr.  W.  V.  Cox,  chief  special  agent,  was  also  sec- 
retary of  the  (iovemment  board. 
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Summary  of  aUobnents  made  to  the  Smithsonian  InstitiUion, 

Original  allotment $50,000.00 

Transfer  from  the  Interior  Department  allotment 2, 500. 00 

Gross  allotment 52,500.00 

Transfer  to  the  allotment  for  Philippine  exhibit $1, 960. 79 

Transfer  to  War  Department  allotment 200. 00 

2, 160.  79 

Net  allotment 50, 339. 21 

CUtmfied  statement  of  expenditures  of  the  funds  allotted  to  the  Smithsonian  Institution. 

Services  of  mechanics  and  lalDorers  and  care  of  exhibits $9, 221. 47 

Services  of  clerks  and  assistants 3, 484. 50 

Travel  and  subsistence  (Washington  and  Buffalo) : 

Railroad  fares $1, 131. 95 

Sleeping-car  fares 228. 50 

Incidental  traveling  expenses 60. 85 

Per  diem  allowances  in  lieu  of  subsistence 1, 961. 25 

3, 382. 55 

Freight,  cartage,  and  expressage 1, 264. 52 

Specimens  and  construction  of  exhibits  for  National  Museum  (including 

materials,  services,  field  expenses,  etc. ) 26, 148. 53 

Supplies  (hardware,  glass,  and  lumber  for  cases;  packing  material,  etc. ) .  5, 027. 15 

Office  and  miscellaneous  expenses 1, 757. 90 

50, 286. 62 
Unexpended  balance 52. 59 

50, 339. 21 
Statement  corrected  to  March  8,  1902. 

Respectfully  submitted. 

Frederick  W.  True, 

Representative  Smithsonian  Institution  and  United  States  National  Museum, 

Pan-American  Exposition. 
Mr.  S.  P.  Lang  LEY, 

Secretary  of  the  Smitlisonian  Institution. 
June  18,  1902. 
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ADVERTISEMENT. 


The  object  of  the  Genekal  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  discov- 
ery in  particular  directions;  repprts  of  investigations  made  by  collab- 
orators of  the  Institution;  and  memoirs  of  a  general  character  or  on 
special  topics  that  are  of  interest  or  value  to  the  numerous  correspond- 
ents of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  discovery, 
as  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tution; and  this  purpose  has,  during  the  greater  part  of  it-^  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  atti*acted  by  scientific  progress. 

In  1880  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summary  of  progress  which  for  thirty  years  previous  had  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  1888. 

In  the  report  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  mnge  of  scientific  investigation  and  discus- 
sion.    This  method  has  been  continued  in  the  present  report  for  1902. 
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RECENT  AERONAUTICAL  PROGRESS,  AND  DEDUCTIONS 
TO  J^E  DRAWN  THEREFROM,  REGARDING  THE  FUTURE 
OF  AERIAL  NAVIGATION/' 


By  Maj.  B.  F.  S.  Baden-Powell. 


It  is  with  feelings  of  the  greatest  satisfaction  that  I  am  now  able 
for  the  first  time  to  address  the  societ}^  in  the  capacity  of  its  presi- 
dent, and  I  must  seize  this  opportunity  of  expressing  to  you  my 
heartfelt  thanks  for  the  very  great  honor  which  you  have  conferred 
upon  me  by  electing  me  to  this  position.  I  can  not  but  feel  that  my 
labors  in  the  past,  though  varied  and  dipping  into  almost  every  branch 
of  aeronautics,  have  not  been  so  extensive  or  so  prominent  as  to  war- 
rant my  selection  for  this  important  post,  but  nevertheless  I  sincerely 
hope  that,  with  freer  opportunities,  I  may,  in  the  immediate  future, 
be  able  to  accomplish  much  more  in  the  work  we  have  before  us. 

Aly  absence  from  England  during  the  last  three  years,  on  active 
service  in  South  Africa,  has  prevented  my  fulfilling  many  important 
duties  for  the  society^  during  a  period  of  unusual  activity  and  impor- 
tjince,  but,  on  the  other  hand,  the  time  I  have  spent  on  the  ''trackless 
v^eldt,"  and  in  the  monotony  of  camp  life,  has  not,  I  hope,  been 
wasted,  as  ample  opportunity  has  been  afforded  for  careful  meditation 
and  consideration  of  the  whole  subject  which  it  is  the  object  of  this 
societ}'  to  stud\\  I  therefore  propose  not  so  much  to  giv^  a  technical 
lecture  on  the  various  experiments  of  recent  years — you  have  had 
better  opportunities  than  I  of  studying  thiise — as  to  endeavor  to  make 
clear  our  present  position. 

During  these  three  3'ears  many  great  events  have  taken  place  in  the 
aeronautical  world.  Count  Zeppelin's  monster  air  ship,  built  on  sound 
scientific  principles,  of  enormous  size  and  quite  different  in  design  to 
anything  made  before,  has  been  completed,  and  has  made  successful 
ascents,  although,  I  much  regret  to  have  to  add,  has  not  succeeded 
in  traveling  through  the  air  at  a  .sufficient  speed  to  warrant  its  })eing 
considered  a  practical  success. 

« Presidential  address  before  the  Aeronautical  Society  of  Great  Britain,  Ix)ndon, 

December  4,  1902.     Reprinted  by  permission  of  the  author  and  the  Society  from  the 

Aeronautical  Journal,  No.  25,  Vol.  VII,  January,  1903. 
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Then  we  come  to  M.  Santos-Dumont's  many  more  or  less  successful 
trips  in  his  navigable  balloons,  which,  if  not  demonstrating  any  new 
principles,  has  shown  what  pei'severance  and  attention  to  detail  can 
achieve.  Though  we  have  learned  some  useful  practical  lessons,  and 
have  been  given  data  of  great  value  for  future  experimenting,  unfor- 
tunately the  actual  results  attained  carry  us  so  little  beyond  what  was 
accomplished  twenty  years  before  by  MM.  Renard  and  Krebs  that 
one  begins  to  think  whether  we  have  not  nearly  reached  the  end  of  the 
tether  as  regards  the  propulsion  of  balloons. 

The  unfortunate  calamities  to  M.  Severo's  and  more  recently  to  M. 
de  Bradsky's  balloons,  as  well  as  the  absolute  failure  of  M.  Roze  and 
others,  only  tend  to  confirm  this  growing  opinion.  The  latest 
accounts  of  M.  Lebaudy's  balloon  seem  to  make  out  that  it  has  accom- 
plished more,  but  we  must  await  the  results  of  more  prolonged  trials 
before  we  can  come  to  any  decision.  Mr.  Stanley  Spencer's  trip  over 
London  in  a  navigable  balloon,  though  it  proved  nothing  as  regards 
the  dirigibility  or  inherent  speed  of  the  machine,  attracted  some 
interest  in  the  matter. 

Besides  these  we  have  heard  of  various  experiments  with  flying 
machines  proper.  Herr  Kress  is  said  to  have  risen  oflf  the  surface  of 
the  water,  but  owing  to  some  mismanagement  the  machine  turned 
downwards  and  fell  in  the  water  again.  In  Australia  Mr.  Hargrave 
has  constructed  a  large  machine.  In  America  Mr.  Wilbur  Wright 
and  his  brother  have  been  making  wonderful  progress  with  gliding 
machines,  and  Professor  Langley  has  been  hard  at  work  constructing 
a  large  new  machine.  He  informed  me  the  other  day  that  in  a  veiy 
short  time  we  might  expect  to  hear  something  of  this — something  big. 
It  might,  he  added,  be  a  big  smash!  But  he  wisely  intends  trying  it 
over  water. 

Then,  too,  like  the  invisible  universe  of  dark  stars  that  Sir  Robert 
Ball  talks  about  as  being  possibly  more  extensive  than  that  of  those 
seen,  there  are  probably  more  inventions  being  worked  at  in  private 
than  we  ever  hear  of  publicly,  and  many  of  them  are  doubtless  of 
great  importance.  It  is  onTy  recently  that  the  results  have  been  pub- 
lished of  the  valuable  experiments  with  aerial-screw  propellers  which 
Mr.  W,  G.  Walker  conducted  for  Mr.  Alexander. 

Another  sign  of  progress  in  the  subject  of  aeronautics  during  the 
last  few  years  has  been  the  establishment  in  England  of  two  more 
public  bodies,  the  Aero  Club  and  the  Aeronautical  Institute,  the  for- 
mer having  been  established  for  the  encouragement  of  ballooning  (and 
possibly  flying)  as  a  sport,  while  the  latter  aims  at  interesting  the 
working  classes  in  the  subject. 

I  may  here  seiae  the  opportunity  of  explaining  to  our  visitors  and 
others  the  objects  of  our  society,  and  why  it  is  that  we  make  so  much 
of  a  studv  which  to  them  mav  seem  somewhat  chimerical  and  of  no 
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very  special  merit,  and  by  explaining  these  I  liope  to  enlist  their  sym- 
pathy and  support  to  the  movement.  For  I  hav6  before  now  been 
asked:  '^  Why  should  it  be  necessary  to  have  a  society  for  the  study  of 
aerial  navigation  ?  Where  is  the  importance  of  it?  Why  not  institute 
a  society  for  submarine  navigation,  for  wireless  telegraphy,  or  for  the 
encouragement  of  any  other  novel  invention  for  the  improvement  of 
means  of  communication  or  warfare?"  But  useful  as  many  such 
inventions  may  be,  none  can  have  the  great  importance  which  may 
some  day  be  attached  to  the  machine  which  navigates  the  air. 

And  there  are  Iwo  reasons  why  this  subject  is  a  large  one.  The  first 
is  that  the  science  of  aeronautics  is  one  combining  many  branches  and 
spreads  into  many  ramifications.  We  have  aerial  machines  as  they 
exist  to-day.  The  balloon,  forming  a  unique  and  fascinating  mode 
of  travel,  enables  us  to  mount  high  into  the  skies  to  obtain  glorious 
views  of  earth  and  cloudscape,  giving  us  a  laboratory  for  the  study  of 
many  intricate  problems  of  the  atmosphere,  and  forming  a  valuable 
instrument  of  war.  We  must  study  how  this  passive  buoy  may  be 
improved  upon,  what  new  materials  may  be  applied  to  its  construction, 
gases,  methods  for  causing  it  to  rise  and  sink,  and  means  of  directing 
it  out  of  the  course  of  the  wind.  But  we  also  have  the  mor6  difficult 
problem  of  how  to  drive  it  through  the  air  so  as  to  make  it  inde- 
pendent of  the  wind  and  go  in  any  desired  direction.  Closely  con- 
nected with  this  is  is  the  subject  of  kite  flying,  whether  for  man  lifting 
or  meteorological  observation,  of  parachutes,  and  of  soaring  machines. 
All  these  necessitate  a  certain  knowledge  of  the  various  branches  of 
meteorology,  which  is  to  aeronautics  as  hydrogaphy  is  to  marine  nav- 
igation. Then  we  have  the  study  of  birds  and  other  flj'ing  animals  as 
a  natural  sequel  to  the  science. 

The  second  reason  for  the  importance  of  this  subject  is  the  vast 
future  which  appears  open  to  it.  If  such  an  apparatus  can  be  con- 
structed as  will  enable  man  to  make  practical  use  of  the  highway  of 
the  air,  there  is  promise  of  the  subject  becoming  of  even  more  impor- 
ttmce  than  marine  navigation  or  railways. 

We  have,  then,  not  merely  to  consider  the  broad  principles  of  the 
general  form  of  the  aerial  machine  of  the  future— whether  it  is  to  take 
the  shape  of  an  artificial  bird,  a  propelled  kite,  or  a  dirigible  balloon. 
We  have  to  study  the  subject  of  aerodynamics,  the  effect  of  air  pres- 
sures on  plane  or  curved  surfaces  traveling  at  various  speeds  and  at 
various  angles  of  incidence.  We  have  to  investigate  the  efficiency  of 
aerial  propellers  of  different  forms,  the  strengths  of  materials,  the 
energy  and  weights  of  various  forms  of  motors.  Then  we  must  also 
study  the  natural  currents  of  air,  the  variability  of  air  strata,  the 
trends  of  winds,  and  so  on. 

The  great  range  of  subjects  to  be  gone  into  by  our  society  is  thus 
patent.     Many  of  our  membera  and  others  are  busily  at  work  in  some 
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particular  groove,  making  steady  progress  in  building  up  their  portion 
of  the  foundation  of  that  great  structure  which  we  all  hope  to  see  rise 
up  in  the  future. 

But  to  return  to  the  question  of  the  recent  progress  in  aerial  navi- 
gation, I  will  now  endeavor  to  point  out  and  explain  the  present  posi- 
tion we  hold,  and  by  considering  the  state  of  the  subject  as  it  at 
present  exists  to  judge  whether  or  not  there  is  any  real  probability  of 
our  attaining  that  great  goal  which  most  of  us  look  forward  to. 

Though  it  is  improbable  there  are  man^^  here  present  to-night  who 
do  not  look  forward  Vith  feelings  of  confidence  that  artificial  flight 
will  some  day  be  accomplished,  yet  there  are  still  some  few  skeptics 
(most,  if  not  all,  of  whom  have  never  looked  deeply  into  the  subject) 
who  believe  it  impossible.  For  this  reason  it  ma}'  not  perhaps  be  out 
of  place  in  such  an  address  as  this  to  point  out  our  reasons  for  main- 
taining this  belief. 

The  first  great  argument  in  favor  of  it  is  that  >)irds  fly.  If  we  had 
never  seen  such  a  thing  as  a  bird,  many  of  us  might  reasonably  argue 
the  thing  to  be  impossible.  But  there  they  are.  Not  only  can  they 
rise  in  the  air,  not  only  progress  at  a  very  rapid  rate  through  it,  but 
they  can  continue  the  movement  for  long  periods  and  in  almost  any 
weather.  It  is  quite  certain  now  that  birds  do  not  possess  any  very 
extraordinary  power;  but  if  they  did  we  could  probably  ^'go  one 
better '^  with  the  modern  verj'^  compact  and  light  oil  engines.  We  have 
now  compressed  the  strength  of  a  horse  into  a  little  motor  weighing 
no  more  than  a  large  bird.  There  is  the  jx)wer.  Can  it  be  applied  i 
Many  people  have  argued  that  the  flight  of  a  bird  is  dependent  on 
some  valvular  action  of  its  feathers.  Let  it  be  so;  })ut  how  do  you 
account  for  the  flight  of  the  bat  and  of  the  flying  fox^  Others  have 
thought  that  flight  is  only  possible  up  to  a  certain  weight,  maintaining 
that  the  ostrich  and  the  emu  are  beyond  that  limit.  But  geologists 
will  point  you  out  the  fossil  remains  of  a  hugt^  reptile  which  they 
declare  flew  in  the  air  and  weighed  far  more. 

But,  leaving  nature,  we  may  consider  what  has  been  done  by  man  to 
justify  our  hop<»s.  ^ 

Though  I  believe  it  may  be  said  that  nearly  all  the  authorities  on 
the  subject  are  now  of  opinion  that  the  fialloon  can  not  be  considered 
as  much  more  than  an  aid — to  act  as  a  stepping  stone — to  true  flight, 
yet  there  are  many  workers  who  consider  that  vei'v  much  may  Ik* 
accomplished  hy  propelled  balloons.  Some  authorities  have  cahnilated 
that  a  speed  of  44  miles  an  hour  might  b(»  practically  attained,  but  not  j 

more. 

M.  Santos  Dumont  and  others  have  shown  us  what  am  be  done  with 
a  little  cigar-shaped  balloon.  The}'  have  clearly  demonstrated  the 
difficulties  to  be  ovenome.  It  is  very  palpal)le  that  tiie  surface  of 
such  a  Imlloon  must  be  stiff'  and  rigid.     Once  it  gota  flabby  it  can  not 
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be  propelled — the  «kin  will  vibrate  and  add  to  the  resistance;  the  nose, 
unless  distended  by  framework,  will  bo  driven  in  and  offer  great 
resistance;  the  gas  will  be  driven  back  toward  the  after  end,  and  the 
balance  be  disturbed.  To  preserve  this  necessar}^  rigidity  all  the 
earlier  navigable  balloons  were  kept  taut  by  means  of  the  l)allonet, 
but  Count  Zeppelin  effected  this  by  an  internal  framework. 

Count  Zeppelin,  as  1  have  said,  struck  out  a  new  line.  By  greatly 
increasing  the  size  of  the  balloon,  he  had  obttiined  so  umch  more  lift- 
ing ix>wer  as  to  be  able  to  add  a  complete  framework  that  stiffened  it. 
But  it  was  probably  solel}'^  owing  to  this  great  size  that  the  appai*atus 
failed  to  be  practically  manageable.  It  may  be  compared  to  the  Great 
EaHti-rn  steamship,  but  with  the  difference  that  at  the  time  of  its  con- 
struction we  had  but  the  most  elementary  experience  of  air  vessels 
propelled  by  engines.  At  the  same  time  this  enormous  capacity  had 
its  advantages.  Had  it  been  of  half  the  diameter  and  half  the  length, 
though  the  resistance  to  propulsion  might  have  been  only  one-quarter, 
the  volume  and  the  lifting  [)ower  would  only  have  been  one-eighth. 
So  that,  instead  of  carrying  engines  of  32-horsepower,  as  was  done,  it 
might  have  only  been  possible  to  carry  some  of  4-hoi-sepower.  Dr. 
Pole,  in  his  most  valuable  little  treatises,  years  ago  pointed  out  the 
advantages  of  very  large  volume. 

One  result,  then,  of  recent  experiments  is  that  it  seems  quite  practi- 
cable to  build  a  navigable  balloon  to  go,  we  will  say,  15  miles  an  hour. 
This,  however,  is  not  quite  enough.  As  the  wind  so  often  blows  faster 
than  this,  it  is  unsafe  to  let  the  balloon  out  on  any  but  a  very  calm 
day;  else,  though  only  blowing  16  miles  an  hour,  the  machine  will 
inevitably  be  carried  off  and  have  to  descend  in  strange  fields  far  from 
its  shed,  and  the  difficulties  of  transporting  it  back  may  be  so  great 
that  it  may  even  have  to  be  taken  to  pieces.  Having  successfully 
accomplished  this  nmch,  however,. it  certainly  looks  as  if  we  could 
improve  a  little  and  get  the  balloon  to  travel  20  or  25  miles  an  hour, 
which  would  be  sufficient  to  stem  the  ordinary  light  breezes. 

We  have  learned  many  practical  lessons  from  these  recent  experiences. 
It  is  necessary  to  make  efficient  provision  against  the  balloon  caving  in 
or  buckling  up.  It  is,  of  course,  most  important  that  the  engine  shall 
be  so  constructed  sis  not  by  any  possible  means  to  be  able  to  ignite  the 
gay  in  the  balloon.  But  especially  we  have  learned  that — speaking  in 
general  terms — for  a  cigar-shaped  vessel  some  20  feet  in  diameter  it  is 
necessary  to  apply  a  power  of  more  than  16  horsepower  (presuming 
no  exceptionally  efficient  propeller  be  found)  for  it  to  be  reall}"  effi- 
cient.    This  practicall}'  means  that  you  nmst  have  a  larger  balloon. 

MM.  Lebaudy  have  now  adopted  a  larger  Imlloon,  enabling  them  to 
carry  an  engine  of  40  horsepower,  or  more  than  double  the  power  of 
that  of  M.  Santos  Dumont.  Colonel  Renard,  also,  is  about  to  build 
one  larger  still,  of  some  90,000  cubic  feet.  Dr.  Barton's  proposed  air 
ship  is  also  designed  to  be  of  great  size. 
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Passing  from  the  balloon — that  is  to  say,  any  appai-atus  which  dis- 
places a  volume  of  air  weighing  as  much  as  or  more  than  its  own 
weight  (and  many  thoughtless  inventors  are  apt  to  neglect  this  defini- 
tion)— we  find  several  diflferent  types  of  machines  which  show  promise 
of  success. 

Beginning  with  the  simplest^  we  have  the  gliding  or  soaring  machine. 
One  of  the  greatest  paradoxes  in  nature  is  soaring  flight.  I  have  said 
how  doubtful  many  people  might  be  about  aerial  navigation  if  they 
had  never  seen  a  bird  fl}',  but  we  can  confidently  assert  that  no  man 
would  believe  it  possible  for  a  bird  to  maintain  itself  for  hour  after 
hour  in  mid-air  without  the  slightest  movement  of  its  wings  were  the 
actual  demonstration  of  it  not  visible  every  day.  1  will  not  now  enter 
on  a  discussion  as  to  how  this  is  accomplished,  but  will  only  say  that 
there  are  inventors  who  hope  to  be  able  to  emulate  the  albatross  and 
soar  away  into  the  heavens  without  any  motive  power  or  propeller. 
It  seems  so  paradoxical  that  many  laugh  the  idea  SLway.  But  the  hard 
fact  remains  that  birds  can  do  it,  and  therefore  why  not  men?  I 
received  a  letter  onl}'^  a  few  days  ago  from  Mr.  O.  Chanute,  than  whom 
there  is  probably  no  greater  authority  living  on  soaring  flight.  He 
says  that  he  had  just  returned  from  witnessing  this  season's  gliding 
experiments  of  the  Brothers  Wright,  and  that  "they  have  made  a 
very  considemble  advance  since  last  year,  and  now  glide  at  angles  of 
6^  to  7^,  sustaining  125  to  160  pounds  per  net  horsepower.  Wright 
is  now  doing  nearly  as  well  as  the  vulture,  is  not  far  from  soaring 
flight,  and  I  am  changing  my  views  as  to  the  advisability  of  applying 
a  motor." 

I  think  this  is  a  most  remarkable  statement,  and  there  real I3'  seems 
no  reason  why  such  experts,  having  attained  proficiency  in  the  delicate 
art  of  1)alancing  themselves  according  to  the  various  puffs  and  currents 
of  air,  should  not  be  able  to  soar  away  on  the  wings  of  the  wind  and 
remain  indefinitely  in  mid-air. 

The  next  geneml  tj^pe  of  apparatus  that  I  may  refer  to  is  that  of 
rising  in  the  air  by  means  of  a  screw  propeller  mounted  on  a  vertical 
shaft  We  all  have  seen  little  to3'8  ascend  in  the  air  working  on  this 
principle.     A  large  machine  of  this  sort  was  recently  constructed  in  1 

Paris,  but  the  experiments  of  Mr.  W.  G.  Walker,  of  carefully  testing 
the  thrust  and  lifting  power  of  various  screws,  have  been  among  the 
most  impoilant  contributions  to  this  science.  He  has  clearly  shown 
that  it  is  possible  to  practically  obtain  a.thrust  of  25  pounds  per  horse- 
power. As  engines  are  now  made  weighing  no  more  than  10  pounds  - 
per  hoi*sepower,  it  is  clearly  demonstrable  that  a  machine  on  this  prin- 
ciple could  be  constructed  to  lift  itself,  carrying  some  15  pounds  per 
horsepower  over  and  above  the  weight  of  the  engines.  Even  if  not  a 
practical  form  of  machine  for  traveling  through  the  air,  it  would  l)e  a 
most  interesting  experiment  to  try. 
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Finally  we  come  to  that  variety  of  aerial  machine  which  has  been 
adopted  by  most  inventors  and  which  seems  to  promise  the  most  satis- 
factory results.  I  mean  what  is  known  as  the  aeroplane.  Sir  Hiram 
Maxim  brought  this  prominently  forward  many  years  ago,  and  both 
he  and  Professor  Langley  have  proved  theoretically  that  it  is  the  most 
economical  form  oi  apparatus;  that  is  to  say,  that  a  given  weight  can 
be  supported  with  less  engine  power  than  by  other  methods. 

Great  progress  has  also  been  achieved  in  recent  years  in  this  line. 
Lilienthal  pointed  out  the  greater  efficiency  of  curved  surfaces  as  com- 
pared to  flat  ones.  Phillips  and  Hargraves  experimented  further  with 
aerocurves.  Considering  how  much  more  we  know  about  the  subject 
now  than  when  Maxim  first  built  his  machine,  it  looks  as  though  we 
might  really  hear  of  great  results  shortly  from  America  or  Australia. 

Our  present  position  is,  then,  a  hopeful  one.  Balloons  have  been 
gradually  improved  until  we  can  practically  rely  on  building  one  to  go 
15  miles  an  hour  and  probably  more.  Large  flying  machines,  giving 
practical  experience  of  their  construction,  have  been  built.  Good- 
sized  models  have  flown  well  through  the  air.  Gliding  machines,  bal- 
anced and  controlled  by  human  effort,  have  been  maintained  in  the  air 
for  considerable  periods  and  have  descended  at  very  gradual  angles. 
And,  what  is  of  the  greatest  importance,  small  engines,  giving  great 
power  for  their  weight,  have  steadily  improved  year  by  year,  leaving 
but  little  for  us  to  desire  in  this  respect. 

All  that  we  require,  then,  to  attain  practical  flight,  is  to  make  a 
machine  only  slightly  better  than  those  already  in  existence.  To 
accomplish  this  all  that  is  required  is  a  certain  amount  of  skill  and  a 
good  deal  of  money. 

There  has  often  been  a  lot  of  wild  speculation  about  what  might 
happen  when  flying  machines  are  introduced  into  everyday  life,  but  it 
may  be  worth  while  considering  for  one  moment  what  is  likely  to 
result,  so  as  to  judge  whether  the. matter  is  one  really  demanding  an 
effort  to  accomplish;  whether,  in  fact,  "the  game  is  worth  the  candle." 

Whatever  the  exact  form  the  apparatus  may  take,  we  may  assume 
that  it  will  possess  certain  chamcteristics.  The  first  of  these  is  that  it 
will  travel  very  fast.  There  are  several  reasons  for  supposing  this. 
Not  only  must  It  be  able  to  stem  ordinary  light  breezes,  but  to  be 
really  useful  it  should  be  capable  of  going  against  any  ordinary  wind, 
and  to  do  this  at  any  useful  speed  implies  a  i*ate  of  40  or  50  miles  an 
hour.  Then,  high  speeds  are  economical  in  aerial  machines.  Lang- 
l^Jj  by  his  elaborate  experiments,  has  shown  that  the  faster  our  aero- 
plane is  propelled  through  the  air  the  less  force  in  proportion  is 
required  to  sustain  it.  Again,  the  air  ship,  unlike  its  prototype  on  the 
water,  is  not  impeded  b}'^  skin  friction,  so  that  the  power  required  to 
drive  it  at  high  speeds  does  not  increase  in  the  same  proportion.  A 
bullet  can  be  propelled  through  the  air  at  immense  speed,  but  if  it 
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enters  the  water  its  way  is  soon  stopped.  One  more  reason  why  we 
may  hope  for  greater  speeds  than  are  usual  in  traveling  on  land  and 
sea  is  that  in  the  latter  pace  must  be  kept  within  bounds  for  fear  of 
collision,  both  with  other  conve3'ances  and  also  with  irregularities 
(whether  in  rails,  embankments,  and  ridges,  or  rocks  and  sand  banks) 
which  may  exist  beside  the  track.  , 

In  the  aerial  highway  we  have  greater  latitude.  We  have  height  as 
well  as  length  and  breadth.  We  can  choose  our  particular  altitude 
and  stratum  to  travel  in,  so  that  perhaps  1,000  machines  <^ould  cross 
over  the  same  spot  at  the  same  time  without  colliding.  In*  fact,  it 
would  decreajsc  the  chance  of  collision  by  a  thousandfold,  in  addition 
to  the  lateral  route  not  being  so  circumscribed.  There  are  no  police 
traps  up  there. 

Taking  into  consideration  the  speed  at  which  birds  travel,  that  at 
which  models  have  been  flown,  and  the  theoretical  c^ilculations  which 
have  been  made,  we  may  reasonably  suppose  that  100  miles  an  hour 
will  be  no  excessive  speed  for  a  flying  machine. 

Those  who  think  this  estimate  oversanguine  may  ponder  over  an 
extract  I  recently  came  across  from  an  old  newspaper  pul)lishcd  seventy- 
eight  3'ears  ago,  referring  to  the  railway  then  about  to  l)e  constructed 
from  London  to  Woolwich.  In  this  reference  is  made  to  the  possibil- 
ity of  the  train  being  able  to  attain  the  terrific  speed  of  18  to  20  miles 
an  hour;  but  it  concludes,  with  sarca.stic  incredulity,  '' We^sluuild  as 
soon  expect  the  people  of  Woolwich  to  ))e  fired  off  on  one  of  Con- 
greve's  rockets  as  to  trust  themselves  to  the  mercy  of  such  a  nmchine 
going  at  such  a  rate." 

Once  a  practical  flying  machine  existed,  the  uses  to  which  it  might 
be  applied  are  varied  and  im}3ortant. 

Primarily,  it  would  form  an  incalculably  valuable  engine  of  war.  j 

One  can  scarcely  imagine  any  invention  which  could  have  a  greater 
effect  on  the  conduct  of  warfare.  ' 

We  can  now  appreciate  much  more  than  we  could  three  years  ago 
of  what  vast  importance  such  a  machine  would  be.  It  is  worth 
dreaming  for  a  moment  to  realise  what  might  have  happened  had  we  ) 

in  18J>y  had  some  machine  capay)le  of  traveling  rapidly  through  the  1 

air.  First  of  all,  for  mere  reconnoitering,  how  much  could  have  been 
done!  In  Natal,  on  the  outbreak  of  war,  such  a  vessel,  ascending  at 
Ladysmith,  could  have  cruised  around  up  to  Laing^s  Nek,  noting 
every  Boer  and  every  gun  within,  say,  5  miles  of  the  track  passed 
over,  taking  a  turn  round  along  the  frontier,  and  have  been  back  to  ^ 

report  within  a  few  hours.     We  would  then,  at  '^one  fell  swoop,"  | 

have  had  certain,  reliable,  and  full  information  of  what  was  doing, 
instead  of  going  on  mere  rumors  and  the  vague  observations  of  a  few 
scouts.     Another  machine  at  Orange  River  could  have  moved  forward,  | 

noted  the  position  of   the  enemy  at  Belmont,   Alodder  River,  and 
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Magersfontein,  could  have  gone  into  besieged  Kimberley  and  heard 
their  news,  and  could  have  run  back  to  report  to  Lord  Methuen.  I 
need  not  repeat  the  many  instances  that  occur  to  me  of  the  extreme 
value  of  such  an  appai*atus  for  rcconnoissance.  We  might  really  say 
that  none  of  those  awkward  revei'ses  which  we  suffered  in  the  early 
part  of  the  war  would  have  occurred  had  we  known  the  exact  where- 
abouts of  the  enemy.  Latterly,  how  easily  the  evasive  commanders 
could  have  been  located  and  followed  up.  Reconnoissance  by  captive 
balloon  may  be  considered  dangerous,  but  an  apparatus  traveling  150 
feet  a  second  runs  an  infinitely  smaller  chance  of  being  hit  by  pro- 
jectiles. If  the  dropping  of  explosives  on  the  heads  of  an  enemy  is 
not  now  considered  '^fair  play"  (though  it  is  difficult  to  see  why  this 
should  be  less  humane  than  throwing  lyddite  shells  from  a  howitzer), 
3'et  there  are  many  more  uses  to  which  the  aerial  fighter  might  be  put. 

He  could  blow  up  the  railway  lines  and  bridges,  even  if  he  had  to 
descend  to  do  so.  He  could  cut  all  the  telegraph  wires  in  the  country,, 
and  could  set  light  to  stores  and  do  other  damage.  A  machine  soaring 
about  over  a  town  or  camp  occupied  by  the  enemy  would  certainly 
have  a  verv  decided  moral  effect  on  him.  Communication  could  be 
kept  up  with,  and  even,  perhaps,  a  few  stores  introduced  into  a 
besieged  place. 

I  need  not  go  further  into  the  possibilities  of  the  future.  The  more 
we  think  the  matter  over  the  more  can  we  realize  the  extraordinary 
effect  such  an  innovation  would  produce  in  war.  I  do  not  think  any- 
one would  deny  that,  had  we  been  in  possession  of  such  apparatus 
during  the  late  war,  the  operations  would  have  been  so  greatly  facili- 
tated that  the  campaign  would  have  been  ended  in  a  comparatively 
short  time,  and  that  we  should  have  been  saved  an  expenditure  of 
many  millions  of  pounds. 

Even  in  naval  warfare,  if  such  speeds  as  1  have  mentioned  were 
possible,  the  aerial  machine  should  prove  of  infinitely  more  value  than 
a  submarine  or  a  torpedo  boat.  If  the  invention  of  the  Brennan 
torpedo  was  considered  worth  £110,000,  how  much  more  would  be  the 
value  of  a  dirigible  aerial  torpedo! 

Another  important  purpose  to  which  flying  machines  could  be 
applied  would  be  for  the  exploration  of  unknown  lands.  With  a 
rapidly  traveling  apparatus,  the  North  Pole  could  be  reached  in  a  few 
hours.  From  the  north  of  Norway  it  is  about  1,300  miles  to  the  pole. 
It  would  then  be  almost  possible  tCLgalhfice  and  back  iji^tw.enty -four 
houreT  When  we  think  of  the  large  sums  which  have  been  devoted  to 
arctic  and  antarctic  explorations,  and  remember  that  very  possibly  a 
tenth  of  this  amount  might  produce  a  machine  capable  of  thoroughly 
exploring  both  these  regions  in  a  few  weeks,  it  seems  really  worth 
considering  whether  such  money  is  not  wasted.     The  trackless  deserts 
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of  Asia  and  Africa  could  be  traversed  and  re-ti-aversed,  tiic  nivsteries 
of  Mecca  and  of  Lassa  laid  at  our  feet. 

But  over  and  above  these  most  important  and  far-reaching  {wssibili- 
ties  of  aerial  navigation,  there  is  the  likelihood  of  a  revolution  in  our 
ordinar}^  modes  of  travel  by  one  infinitely  more  rapid,  cheap,  and  con- 
venient. 1  have  already  given  my  reason  for  supposing  that  such  a 
means  of  travel  would  be  i-apid.  There  is  also  good  reason  foi:  sup- 
posing it  would  be  economical.  No  rails  or  permanent  way  need  be 
laid  on  the  billows  of  the  clouds.  No  roads  need  be  constructed  or 
kept  in  order  through  the  realms  of  blue.  Even  expensive  harboi'S, 
dredged  channels,  light-houses,  and  beacons  need  not  be  maintained 
by  the  owners  of  air  ships.  Going  from  place  to  place  ''  as  the  crow 
flies"  shortens  the  route  and  adds  to  the  economy.  The  convenience  of 
the  system  is  also  evident.  Already  we  are  beginning  to  appreciate 
the  value  of  the  motor  car  going  from  door  to  door  instead  of  our 
having  to  get  to  the  train  at  a  fixed  moment.  But  when  we  can  order 
round  our  aerial  motor  to  take  us  straight  to  our  destination,  passing 
equally  well  over  land  or  water,  towns  or  cornfields,  independent  of 
traffic  and  roads,  then  only  shall  we  realize  what  real  convenience  of 
travel  is. 

Speed,  economy,  and  convenience  are  big  factors  in  a  new  mode  of 
travel.  ' 

But  there  is  one  consideration  which  I  telle vo  is  greatly  responsible 
for  the  tardiness  with  which  this  subject  progresses.  Perils  and 
dangers  loom  before  us  as  a  skeleton  contaminating  and  haunting  our 
castle  in  the  air.  The  mere  idea  of  being  poised  high  up  in  the  sky, 
and  of  falling  from  the  machine  through  thousands  of  feet  to  mother 
earth,  is  so  terrible  to  contemplate.  But  the  aeronaut  of  to-day  soon 
gets  accustomed  to  being  at  a  giddy  height,  and  without  dou))t  the 
people  of  to-morrow  will  have  no  (jualms.  Imagine  the  feelings  of 
the  savage  who  for  the  first  time  sees  an  express  train  rush  through  a 
station  at  00  miles  an  hour,  banging  and  clattering  with  fiendish  uproar, 
shaking  the  very  ground,  and  darting  along  at  a  speed  incomparable 
to  an3^thing  he  has  ever  seen  before.  Would  he  trust  himself  to  travel 
by  that  means?  Though  to  flit  through  the  air  Avith  the  spi»ed  of  a 
swallow  may  seem  highly  dangerous  to  our  inexperienced  minds,  how 
often  do  we  see  a  bird  fall  headlong  to  the  ground? 

What  we  see,  then,  looming  in  the  future,  more  or  less  near,  accord- 
ing to  the  energies  of,  and  the  encouragement  we  give  to,  those  push- 
ing the  matter  fonvard,  is  the  introduction  of  a  new  invention  forming 
an  invaluable  and  all-powerful  weapon  of  war,  an  important  aid  to 
science  and  the  practical  knowledge  of  our  globe,  and  a  sjx^ed}-,  eco- 
nomical, and  pleasant  mode  of  getting  from  plac«  to  place,  such  as 
will  probabl}'  completely  revolutionize  our  present  methods  of  travel. 
Is  this  to  te  hastened  and  encouraged?     If  so,  how  can  we  help  to 
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further  the  caused  Like  most  matters  in  this  world,  what  is  most 
wanted  is  money.  Many  clever  inventors  and  engineers  arc  quite 
ready  with  their  plans,  but  have  not  the  means  to  complete  them. 
We  sec  millions  of  pounds  spent  on  equipment  for  war.  Hundreds 
of  thousands  devoted  to  the  building  of  small  war  ships.  We  see  thou- 
sands subscribed  for  geographical  exploration.  But  for  the  encounige- 
ment  of  that  invention  which  may  be  paramount  over  all  these  we  see 
practically  nothing  devoted.  When  I  say  "practically  nothing"  I 
am  not  forgetful  of  a  certain  few  who  have  devoted  much  to  this  cause. 
We  do  not  forget  the  very  generous  donations  m  hich  Mr.  Alexander 
has  given  to  this  society,  nor  the  valuable  time  and  energy  which  our 
worthy  secretary  lias  devoted  so  gratuitously  to  further  the  objects  of 
the  society.  Others,  too,  arc  helping  as  best  they  can  with  limited 
time  and  money;  but  what  we  would  like  to  see  would  be  a  real  solid 
fund  built  up,  such  as  would  enable  us  to  get  really  useful  work  done. 
Then  I  feel  sure  it  would  not  be  long  before  the  British  nation  would 
owe  a  debt  of  gratitude  to  the  Aeronautical  Society  of  Great  Britain. 
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INTRODUCTION    BY   PRESIDENT   CHANUTE. 

"Engineers  have,  until  recent  years,  fought  shy  of  anything  relat- 
ing to  aerial  navigation.  Those  who  ventured,  in  spite  of  the  odium 
attached  to  that  study,  to  look  into  it  at  all  became  very  soon  satisfied 
that  the  great  obstacle  in  the  wa}^  was  the  lack  of  a  motor  sufficiently 
light  to  sustain  its  weight  and  that  of  an  aeroplane  upon  the  air.  Fir- 
teen  years  ago  the  lightest  steam  motor  was  the  marine  engine,  weighing 
60  pounds  to  the  hoi'sepower,  while  the  gas  engine  weighed  verv  much 
more;  the  locomotive  weighed  200  pounds  per  horsepower,  buring 
the  past  fifteen  years  a  great  change  has  taken  place.  Steam  motors 
have  been  produced  weighing  only  10  pounds  per  horsepower,  and  gas 
engines  have  been  lightened  down  to  12^  to  16  pounds  per  horsepower, 
so  that  the  status,  so  far  as  engineers  are  concerned,  is  very  greatly 
changed,  and  there  is  some  hope  that,  for  some  limited  purposes  at 
least,  man  will  eventually  be  able  to  fly  through  the  air.  Tnere  is, 
however,  before  that  can  he  carried  out-^before  a  motor  can  be  applied 
to  a  flying  machine-^n  important  problem  to  solve  -that jofjafety  or 
thatof  stability.  '    " 

'^riiad  the  Honor  of  telling  you,  some  four  or  five  years  ago,  some- 
thing about  the  progress  that  had  been  made  up  to  that  time.  Since 
then  further  advances  have  been  made  by  two  gentlemen  from  Day- 
ton, Ohio — Mr.  Wilbur  Wright  and  Mr.  Orville  Wright — who  tried 
some  very  interesting  experiments  in  October,  1900.  These  experi- 
ments were  conducted  on  the  seashore  of  North  Carolina,  and  were 
again  resumed  last  July.  These  gentlemen  have  been  bold  enough  to 
attempt  some  things  which  neither  Lilienthal,  nor  Pilcher,  nor  myself 
dared  to  do.  They  have  used  surfaces  very  much  greater  in  extent 
than  those  which  hitherto  had  been  deemed  safe,  and  they  have  accom- 
plished very  remarkable  results,  part  of  which  it  was  my  privilege  to 
see  on  a  visit  which  I  made  to  their  camp  about  a  month  ago. 

"  I  thought  it  would  be  interesting  to  the  members  of  this  society  to 
be  the  first  to  learn  of  the  results  accomplished,  and  therefore  I  have 
the  honor  of  presenting  to  you  Mr.  WilbCir  Wright." 

«  Reprinted  by  permission,  after  revision  by  the  Author,  from  Journal  of  the  West- 
em  Society  of  Engineers,  December,  1901. 
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The  difficulties  which  obstruct  the  pathway  to  success  in  flying- 
machine  construction  are  of  three  general  classes:  (1)  Those  which 
relate  to  the  construction  of  the  sustaining  wings;  (2)  those  which 
relate  to  the  generation  and  application  of  the  power  required  to  drive 
the  machine  thi-ough  the  air;  (3)  those  relating  to  the  balancing  and 
steering  of  the  machine  after  it  is  actually  in  flight.  Of  these  diflicul- 
ties  two  are  already  to  a  certain  extent  solved.  Men  already  know 
how  to  construct  wings  or  aeroplanes  which,  when  driven  through  the 
air  at  sufficient  speed,  will  not  only  sustain  the  weight  of  the  wings 
themselves,  but  also  that  of  the  engine  and  of  the  engineer  as  well. 
Men  also  know  how  to  build  engines  and  screws  of  sufficient  lightness 
and  power  to  drive  these  planes  at  sustaining  speed.  As  long  ago  as 
1S94  a  machine  weighing  8,000  pounds  demonstrated  its  power  both  to 
lift  itself  from  the  ground  and  to  maintain  a  speed  of  from  30  to  40 
miles  per  hour,  but  failed  of  success  owing  to  the  inability  of  the 
operators  to  balance  and  steer  it  properly.  This  inability  to  balance 
and  steer  still  confronts  students  of  the  flying  problem,  although  nearly 
eight  years  have  passed.  When  this  one  feature  has  been  worked  out, 
the  age  of  fl3'ing  machines  will  have  arrived,  for  all  other  difficulties 
are  of  minor  impoi'tance. 

The  person  who  merely  watches  the  flight  of  a  bird  gathers  the 
impression  that  the  bird  has  nothing  to  think  of  but  the  flapping  of 
its  wings.  AsjLiUgtter  of  fact  this  is  a  very  small  part  of  its  mental 
lal>or.  To  even  mention  all  the  things  tho^rd  umst  constuntly  keep 
ill  mind  in  order  to  fly  securely  through  the  air  would  take  a  consid- 
erable part  of  the  evening.  If  I  take  this  piece  of  paper,  and  after 
placing  it  parallel  with  the  ground,  quickly  let  it  fall,  it  will  not  settle 
steadily  down  as  a  staid,  sensible  piece  of  paper  ought  to  do,  but  it 
insists  on  contravening  every  recognized  rule  of  decorum,  turning 
over  and  darting  hither  and  thither  in  the  most  eri*atic  manner,  much 
after  the  style  of  an  untrained  horse.  Yet  this  is  the  style  of  steed 
that  men  must  learn  to  manage  before  flying  can  become  an  everyday 
sport.  The  bird  has  learned  this  art  of  equilibrium,  and  learned  it  so 
thoroughly  that  its  skill  is  not  apparent  to  our  sight.  We  only  learn 
to  appreciate  it  when  we  try  to  imitate  it.  Now,  there  are  two  ways 
of  learning  how  to  ride  a  fractious  horse:  One  is  to  get  on  him  and 
learn  by  actual  practice  how  each  motion  and  trick  may  be  })est  met; 
the  othor  is  to  sit  on  a  fence  and  watch  the  beast  a  while,  and  then 
retire  to  the  house  and  at  leisure  flgure  out  the  best  way  of  overcom- 
ing his  jumps  and  kicks.  The  latter  sj'stem  is  the  safest,  but  the 
former,  on  the  whole,  tufns  out  the  larger  proportion  of  good  riders. 
It  is  very  nmch  the  same  in  learning  to  ride  a  flying  machine;  if  you 
are  looking  for  perfect  safe tj^,  you  will  do  well  to  sit  on  a  fence  and 
watch  the  birds;  but  if  vou  reallv  wish  to  learn,  vou  must  mount  a 
niachine  and  become  a<»quainted  with  its  tricks  })v  actual  trial. 
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Herr  Otto  Lilicnthal  seems  to  have  been  the  first  man  who  really 
comprehended  that  balancing  was  the  first  instead  of  the  last  of  the 
great  problems  in  connection  with  human  flight.  He  began  where 
others  left  off,  and  thus  saved  the  many  thousands  of  dollars  that  it 
had  theretofore  been  customary  to  spend  in  building  and  fitting 
expensive  engines  to  machines  which  were  uncontrollable  when  tried. 
He  built  a  pair  of  wings  of  a  size  suitable  to  sustain  his  own  weight, 
and  made  use  of  gravity  as  his  motor.  This  motor  not  only  cost  him 
nothing  to  begin  with,  but  it  required  no  expensive  fuel  while  in 
opemtion,  and  never  had  to  be  sent  to  the  shop  for  repairs.  It  had 
one  serious  drawback,  however,  in  that  it  always  insisted  on  fixing  the 
conditions  under  which  it  would  work.  These  were,  that  the  man 
should  first  betake  himself  and  machine  to  the  top  of  a  hill  and  fly 
with  a  downward  as  well  as  a  forward  motion.  Unless  these  condi- 
tions were  complied  with,  gmvity  served  no  better  than  a  balky  horse — 
it  would  not  work  at  all.  Althougth  Lilienthal  must  have  thought  the 
conditions  were  rather  hard,  he  nevertheless  accepted  them  till  some- 
thing better  should  turn  up;  and  in  this  manner  he  made  some  two 
thousand  flights,  in  a  few  cases  landing  at  a  point  more  than  1,000  feet 
distant  from  his  place  of  sttirting.  Other  men,  no  doubt,  long  before 
had  thought  of  trying  such  a  plan.     Lilienthal  not  (mLy,thought,  but. 

acted;   nnrl  \njin  Hning  prnh^J2bLII!Qf^^  tH^  frrpfttfiqt.  pontributjnn^tr^thp 

solution  of  the  flying  problem  that  has  ever  been  made  by  any  on_e^nian. 
He  demonstrated  the  feasibility  of  actual  practice  in  the  air,  without 
which  success  is  impossible.  Herr  Lilienthal  was  followed  by  Mr. 
Pilcher,  a  young  English  engineer,  and  by  Mr.  C-hanute,  a  distin- 
guished member  of  the  societ}^  I  now  address.  A  few  others  have 
built  gliding  machines,  but  nearly  all  that  is  of  real  value  is  due  to  the 
experiments  conducted  under  the  direction  of  the  three  men  just 
mentioned. 

The^lmjancing  ofa  gliding  or  fly  ing   inachjne_[s  _  vmy  «iiTV|i]lft  i  n       ^ 
thsQi^y.     It  consists  in  causing""ttieTenter  of  gravity  to  coinpidcTwiTlriT"  J 
t.liiw^pT^tfir  nf  pj-oHsure.^^  Bill  in  actual -ryractice  there  seems  to  be  an      ^: 
almost  boundless   incompatibility   of  temper  which   prevents   their^     ^ 
reiPtti n i ng  poaceabljfi  together  for  a  single  ijistant,  so  fhaf  ffie  operator,     -^ 
who  in  this  case  acts  as  ^eacemakei',  often  sufl'ers  injury  to  himself     t- 
while  attempting  to  bring  them  together.     If  a  wind  strikes  a  vertical 
plane,  the  pressure  on  that  part  to  one  side  of  the  center  will  exactl}' 
balance  that  on  the  other  side,  and  the  part  above  the  center  will 
balance  that  below.     But  if  the  plane  be  slightly  inclined,  the  pressure 
on  the  part  nearest  the  wind  is  increased  and  the  pressure  on  the  other 
part  decrea.sed,  so  that  the  center  of  pressure  is  now  locati^d,  not  in 
the  center  of  the  surface,  but  a  little  toward  the  side  which  is  in 
advance.     If  the  plane  be  still  further  inclined  the  center  of  pressure 
will  move  still  farther  forward,  and  if  the  wind  blow  a  little  to  one 
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side  it  will  also  move  iover  as  if  to  meet  it.  Now,  since  neither  the 
wind  nor  the  machine  for  even  an  instant  maintains  exactly  the  same 
direction  and  velocity,  it  is  evident  that  the  man  who  would  tiuce  the 
course  of  the  center  of  pressure  must  be  very  quick  of  mind;  and  he 
who  would  attempt  to  move  his  body  to  that  spot  at  ever}'^  change 
must  be  very  active  indeed.  Yet  this  is  what  Herr  Lilienthal  attempted 
to  do,  and  did  do  with  most  remarkable  skill,  as  his  two  thousand 
glides  suflSciently  attest.  However,  he  did  not  escape  being  over- 
turned by  wind  gusts  several  times,  and  finally  lost  his  life  as  the 
result  of  an  accidental  fall.  The  Pilcher  machine  was  similar  to  that 
of  Lilienthal.  On  one  occasion,  while  exhibiting  the  flight  of  his 
machine  to  several  members  of  the  AtM'onautical  Societv  of  (Jreat 
Britain,  it  suddenly  collapsed  and  fell  to  the  ground,  causing  injuries 
to  the  opemtor  which  proved  sadly  fatal.  The  method  of  managment 
of  this  machine  differed  in  no  important  respect  from  that  of  Lilien- 
thal, the  operator  shifting  his  body  to  make  the  centers  of  pressure 
and  gravity  coincide.  Although  the  fatalities  which  befell  the  design- 
ers of  these  machines  may  have  been  due  to  the  lack  of  structural 
strength  rather  than  to  lack  of  control,  nevertheless  it  had  become 
clear  to  the  students  of  the  problem  that  a  more  perfect  method  of 
control  must  1)6  evolved.  The  Chanute  machines  marked  a  great 
adv^ance  in  both  respects.  In  the  multiple  wing  machine  the  tips 
folded  slightl}'  backward  under^ the  pressure  of  wind  gusts,  so  that 
the  travel  of  the  center  of  pressure  was  thus  largely  counterbalanced. 
The  guiding  of  the  machine  was  done  by  a  slight  movement  of  the 
operator's  body  toward  the  direction  in  which  it  was  desired  that 
the  machine  should  go.  The  double-deck  machine,  built  and  tried 
at  the  same  time,  marked  a  very  great  structui-al  advance,  as  it  was 
the  first  in  which  the  princij)Ie5_ii£--tb€rTnQd«rxi  truss,  bridges  were 
fuHvagplied  to  flying-mftchinc  construction.  This  machine,  in  addi- 
tion to  its  greatly  improved  construction  and  general  design  of  parts, 
also  differed  from  the  machine  of  Lilienthal  in  the  operation  of  its 
tail.  In  the  Lilienthal  machine  the  tail,  instead  of  being  fixed  in  one 
position,  was  prevented  by  a  stop  from  folding  downward  beyond  a 
ceilain  point,  but  was  free  to  fold  upward  without  any  hindmnce.  In 
the  Chanute  machine  the  tail  was  at  first  rigid,  but  afterwards,  at  the 
suggestion  of  Mr.  Herring,  it  was  held  in  place  by  a  spring  that 
allowed  it  to  move  slightly  either  upward  or  downward  with  reference 
to  its  normal  position,  thus  modifying  the  action  of  the  wind  gusts 
upon  it,  very  much  to  its  advantage.  The  guiding  of  the  machine 
was  effected  by  slight  movements  of  the  operator's  body,  as  in  the 
multiple-wing  machines.  Both  these  machines  were  much  more  man- 
ageable than  the  Lilienthal  type,  and  their  structui'al  strength,  not- 
withstanding their  extreme  lightness,  was  such  that  no  fatalities  or 
even  accidents  marked  the  glides  made  with  them,  although  winds 
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were  successfully  encountered   much,  greater  in  violence   than   any 
which  previous  experimenters  had  dared  to  attempt. 

My  own  active  interest  in  aeronautical  problems  dates  back  to  the 
death  of  Lilienthal  in  1896.  The  brief  notice  of  his  death  which 
appeared  in  the  telegraphic  news  at  that  time  aroused  a  passive  inter- 
est which  had  existed  from  my  childhood  and  led  me  to  take  down 
from  the  shelves  of  our  home  library  a  book  on  Animal  Mechanism,  by 
Professor  Marey,  which  I  had  alread}^  read  seveml  times.  From  this 
1  was  led  to  read  more  modern  works,  and  as  my  brother  soon  became 
equall}'  interested  with  myself  we  soon  piissed  from  the  reading  to  the 
_^hiiiking;^  and  finally  to  the  working  stage.  It  seemcJto  us  that  the 
main  reason  whv  thp.  pmblftin  had  remained  so  long  unsolved  waslthat 
no  one  had  been  able  to  obtain  flQ^jtSequate^practrct?:"  "We  Tigured 
that  Lilienthal  in  five  years  of  time  had  spent  only  about  five  hours 
in  actual  gliding  through  the  air.  The  wonder  was  not  that  he  had 
done  so  little,  but  that  he  had  accomplished  so  much.  It  would  not  be 
considered  at  all  safe  for  a  bicycle  rider  to  attempt  to  ride  through  a 
crowdcvd  city  street  after  only  five  hours'  practice,  spread  out  in  bits  of 
ten  seconds  each  over  a  period  of  five  years;  yet  Lilienthal  with  this 
brief  practice  was  remarkably  successful  in  meeting  the  fluctuations 
and  eddies  of  wind  gusts.  '  We  thought  that  if  some  method  could  l)e 
found  by  which  it  would  be  possible  to  practice  by  the  hour  instead  of 
by  the  second  there  would  be  hope  of  advancing  the  solution  of  a  veiy 
difficult  problem.  It  seemed  feasible  to  do  this  by  building  a  machine 
which  would  be  sustained  at-a  speed  of  18  miles  pei'  hour,  and  then 
finding  a  locality  where  winds  of  this  velocity  were  common.  With 
these  condltTons7i!:  rope  attached  to  the  machine  to  keep  it  from  floating 
backward  would  answer  very  nearly  the  same  purpose  as  a  propeller 
driven  by  a  motor,  and  it  would  be  possible  to  practice  by  the  hour, 
and  without  any  serious  danger,  as  it  would  not  be  necessary  to  rise 
far  from  the  ground,  and  the  machine  would  not  have  any  forward 
motion  at  all.  We  found,  according  to  the  accepted  tables  of  air 
pressures  on  curved  surfaces  that  a  machine  spreading  200  square  feet 
of  wing  surface  would  be  sufticient  for  our  purpose,  and  that  places 
could  easily  be  found  along  the  Atlantic  coast  where  winds  of  16  to  26 
miles  were  not  at  all  uncommon.  When  the  winds  were  low  it  was 
our  plan  to  glide  from  the  tops  of  sand  hills,  and  when  they  were  suf- 
ficientl}'^  strong  to  use  a  rope  for  our  motor  and  fly  over  one  spot. 
Our  next  work  was  to  draw  up  the  plans  for  a  suitable  machine. 
After  much  study  we  finally  concluded  that  tails  were  a  source  of 
trouble  rather  than  of  assistance;  and  therefore  we  decided  to  dispense 
with  them  altogether.  It  seemed  reasonable  that  if  the  body  of  the 
operator  could  be  placed  in  a  horizontal  position  instead  of  the  upright, 
as  in  the  machines  of  Lilienthal,  Pilcher,  and  Chanute,  the  wind  resist- 
ance  could  be  very    materially  reduced,  since   only  1  square   foot 
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instead  of  5  would  be  exposed.  As  a  full  half  horsepower  could 
be  saved  by  this  change,  we  arranged  to  try  at  least  the  horizontal 
position.  Then  the  method  of  control  used  by  Lilienthal,  which  con- 
sisted in  shifting  the  body,  did  not  seem  quite  as  quick  or  effective  as 
the  case  required;  so,  after  long  study,  we  contrived  a  system  consist- 
ing of  two  large  surfaces  on  the  Chanute  double-deck  plan,  and  a 
smaller  surface  placed  a  short  distance  in  front  of  the  main  surfaces  in 
such  a  position  that  the  action_of  the  wind  upoujt  would  counter- 
balance-the  effect  of  the  travel  of  the  center^presiaire.-aaJlieiriaiii-Sur- 
faces.  Thus  changes  in  the  direction  and  velocity  of  the  wind  ^vould 
have  little  disturbing  effect,  and  the  operator  would  be  required  to 
attend  onh'^  to  the  steering  of  the  machine,  which  was  to  be  affected 
by  curving  the  forward  surface  up  or  down.  The  lateral  equilibrium 
and  the  steering  to  right  or  left  was  to  be  attained  by-fl^JiQculiar  torsion 
ofJixejxiftjn  surfaces,  which  was  eqiiiv.alant  to  presentin^iaifijeniLdJ 
wingsjitja^reater.  angle  jth^a  the-other.  In  the  main  frame  a  few 
changes  were  also  made  in  the  details  of  construction  and  trussinor 
employed  by  Mr.  Chanute.  The  most  important  of  these  were 
(1)  the  moving  of  the  forward  main  crosspiece  of  the  frame  to  the 
extreme  front  edge;  (2)  the  encasing  in  the  cloth  of  all  crosspie<5es  and 
ribs  of  the  surfaces;  (3)  a  rearrangement  of  the  wires  used  in  trussing 
the  two  surfaces  together,  which  rendered  it  possible  to  tighten  all  the 
wires  by-simg^lxJihortemttg^.twoof  them. 

With  these  plans  we  proceccled  in  the  summer  of  1900  to  Kitty 
Hawk,  N.  C,  a  little  settlement  located  on  the  strip  of  land  that 
separates  Albemarle  Sound  from  the  Atlantic  Ocean.  Owing  to  the 
impossibility  of  obtaining  suitable  material  for  a  200  square  foot 
machine,  we  were  compelled  to  make  it  only  165  square  feet  in  area, 
which  according  to  the  Lilienthal  tables  would  })e  supported  at  an 
angle  of  3^  in  a  wind  of  about  21  miles  per  hour.  On  the  very  day 
that  the  machine  was  completed  the  wind  blew  from  25  to  30  miles  per 
hour,  and  we  took  it  out  for  trial  a*s  a  kite.  We  found  that,  while  it 
was  supported  with  a  man  on  it  in  a  wind  of  about  25  miles,  its  angle 
was  much  nearer  20*^  than  3^.  Even  in  gusts  of  30  miles  the  angle  of 
incidence  did  not  get  as  low  as  3°,  although  the  wind  at  this  speed  has 
more  than  twice  the  lifting  power  of  a  21-mile  wind.  As  winds  of  30 
miles  per  hour  are  not  plentiful  on  clear  days,  it  was  at  once  evident 
that  our  plan  of  pmcticing  by  the  hour,  da}^  after  day,  would  have  to 

be  postponed.       Our    system    of    twjstinor   tl^^  gnrfnY»A>j    \^   fPgriilai^  fiia 

lateral  Imlance  was-  tried  and  found  to  be.  much  more  effective  than 
shifting  the  operator's  body.  On  subsequent  days,  when  the  wind  was 
too  light  to  support  the  machine  with  a  man  on  it,  we  tested  it  as  a 
kite,  working  the  rudders  by  cords  reaching  to  the  ground.  The 
results  were  very  satisfactory;  j-et  we  were  well  aware  that  this  method 
Df  testing  is  never  wholly  convincing  until  the  results  are  confirmed 
b}^  actual  glidmg  experience. 
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FiQ,  1— The  1900  Mscmine. 


FiQ.  2.— Kite  Soabinq. 


Fig.  t.— a  Bottom  View. 


Fhj.  2— Starting  a  Flight. 
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We  then  turned  our  attention  to  making  a  series  of  actual  measure- 
ments of  the  lift  and  drift  of  the  machine  under  various  loads.  So  far 
as  we  were  aware  this  ha3  never  previousl}'  been  done  with  any  full- 
size  machine.  The  results  obtained  were  most  astonishing,  for  it 
appeared  that  the  total  horizontal  pull  of  the  machine,  while  sustain- 
ing a  weight  of  52  pounds,  was  only  8.5  pounds,  which  was  less  than 
had  previously  been  estimated  for  head  resistance  of  the  framing  alone. 
Making  allowance  for  the  weight  carried,  it  appeared  that  the  head 
resistance  of  the  framing  was  but  little  more  than  50  per  cent  of  the 
amount  which  Mr.  Chanute  had  estimated  as  the  head  resistance  of 
the  framing  of  his  machine.  On  the  other  hand,  it  appeared  sadly 
deficient  in  lifting  power  as  compared  with  the  calculated  lift  of  curved 
surfaces  of  its  size.  This  deficienc}'  we  supposed  might  be  due  to  one 
or  more  of  the  following  causes:  (1)  That  the  depth  of  the  curvature 
of  our  surfaces  was  insufficient,  being  only  about  1  in  22  instead  of  1 
in  12.  (2)  That  the  cloth  used  in  our  wings  was  not  sufficiently  air 
tight.  (3)  That  the  Lilienthal  tables  might  themselves  be  somewhat 
in  error.  We  decided  to  arrange  our  machine  for  the  following  year 
so  that  the  depth  of  curvature  of  its  surfaces  could  be  varied  at  wUT 
and  its  covering  air-proofed. 

Our  attention  was  next  turned  to  gliding,  but  no  hill  suitable  for 
the  purpose  could  be  found  near  our  camp  at  Kitty  Hawk.  This  com- 
pelled us  to  take  the  machine  to  a  point  4  miles  south,  where  the  Kill 
Devil  sand  hill  ris(»s  from  the  flat  sand  to  a  height  of  more  than  100 
feet.  Its  main  slope  is  toward  the  northeast  and  has  an  inclination  of 
about  10'\  On  the  da^^  of  our  arrival  the  wind  blew  about  25  miles 
an  hour,  and  as  we  had  had  no  experience  at  all  in  gliding  we  deemed 
it  uns4ife  to  attempt  to  leave  the  ground.  But  on  the  da}'  following, 
the  wind  having  subsided  to  1-1  miles  per  hour,  we  made  about  a  dozen 
glides.  It  had  been  the  original  intention  that  the  operator  should 
run  with  the  machine  to  obtain  initial  velocity  and  assume  the  hori- 
zontal position  only  after  the  machine  was  in  free  flight.  When  it 
came  time  to  land  he  was  to  resume  the  upright  position  and  light  on 
his  feet,  after  the  style  of  previous  gliding  experimenters.  But  on 
actual  trial  we  found  it  much  better  to  employ  the  help  of  two  assist- 
ants in  starting,  which  the  peculiar  form  of  our  machine  enabled  us 
readily  to  do,  and  in  landing  we  found  that  it  was  entirely  practicable 
to  land  while  still  reclining  in  a  horizontal  position  upon  the  machine. 
Although  the  landings  were  made  while  moving  at  speeds  of  more  than 
20  miles  an  hour,  neither  machine  nor  operator  suflfered  any  injury. 
The  slope  of  the  hill  was  9.5°,  or  a  drop  of  1  foot  in  6.  We  found 
that  after  attaining  a  speed  of  about  25  or  30  miles  with  reference  to 
the  wind,  or  10  to  15  miles  over  the  ground,  the  machine  not  only 
glided  parallel  to  the  slope  of  the  hill,  but  greatly  increased  its  speed, 
thus  indicating  its  ability  to  glide  on  a  somewhat  less  angle  than  9.5°, 
when  we  should  feel  it  safe  to  rise  higher  from  the  surface.  The  con- 
trol of  the  machine  proved  even  better  than  we  had  dared  to  expect, 


140  SOME  AERONAUTICAL  EXPERIMENTS. 

responding  quickly  to  the  slightest  motion  of  the  rudder.  With  these 
glides  our  experiments  for  the  year  1900  closed.  Although  the  hours 
and  hours  of  practice  we  had  hoped  to  obtain  finally  dwindled  down  to 
about  two  minutes,  we  were  very  much  pleased  with  thegenei-al  results 
of  the  trip,  for,  setting  out  as  we  did,  with  almost  rev^olutionary  theo- 
ries on  many  points  and  an  entirely  untried  form  of  machine,  we  con- 
sidered it  quite  a  point  to  be  able  to  return  without  having  our  pet 
theories  completely  knocked  in  the  head  by  the  hard  logic  of  experi- 
ence, and  our  own  brains  dashed  out  in  the  bargain.  Everything 
seemed  to  us  to  confirm  the  correctness  of  our  original  opinions,  (1)  that 
practice  is  the  key  to  the  secret  of  flying;  (2)  that  it  is  practicable  to 
assume  the  horizontal  position ;  (3)  that  a  smaller  surface  set  ata  nq^ti ve 
angle  in  front  of  the  main  bearing  surfaces,  or  wings,  will  largelj'^-eount- 
eract  the  effect  of  the  fore  and  aft  travel  of  the  center  of  prestwre;  (4) 
that  steering  up  and  down  can  be  attained  with  a  rudder  without  mov- 
ing the  position  of  the  operator's  body;  (5)  that  twisting  the  wings  so 
«is  to  present  their  ends  to  the  wind  at  different  angles  is  a  morepsompt 
and  efficient  way  of  maintaining  lateral  equilibrium  than  shifting  the 
body  of  the  opei-ator. 

When  the  time  came  to  design  our  new  machine  for  1901,  we  decided 
to  make  it  exactly  like  the  previous  machine  in  theory  and  method  of 
operation.  But  as  th(5  former  machine  was  not  able  to  support  the 
weight  of  the  operator  w^hen  flown  as  a  kite,  except  in  very  high 
winds  and  at  very  large  angles  of  incidence,  we  decided  to  increase 
its  lifting  power.  Accordingly,  the  curvature  of  the  surfaces  was 
increased  to  1  in  12,  to  conform  to  the  shape  on  which  Lilientbars 
table  was  based,  and  to  be  on  the  safe  side  we  decided  also  to  increase 
the  area  of  the  nmchine  from  165  square  feet  to  308  square  feet, 
although  so  large  a  machine  had  never  before  been  deemed  con- 
trollable. The  Lilienthal  machine  had  an  area  of  151  square  feet, 
that  of  Pilcher  1()5  square  feet,  and  the  Chanute  double-decker  134 
square  feet.  As  our  system  of  control  consisted  in  a  manipulation  of 
the  surfaces  themselves  instead  of  a  shifting  of  the  operator's  l)ody, 
we  hoped  that  the  new  machine  would  be  controllable,  notwithstand- 
ing its  great  size.  According  to  calculations,  it  would  obtain  supix>rt 
in  a  wind  of  17  miles  per  hour  with  an  angle  of  incidence  of  only  3  . 

Our  experience  of  the  previous  year  having  shown  the  necessity 
of  a  suitable  building  for  housing  the  machine,  we  erected  a  cheap 
frame  Vmilding,  10  feet  wide,  25  feet  long,  and  7  feet  high  at  the 
eaves.  As  our  machine  was  22  feet  wide,  14  feet  long  (including  the 
rudder),  and  about  i)  feet  high,  it  was  not  necessary  to  take  the  ma- 
chine apart  in  any  way  in  order  to  house  it.  Both  ends  of  the  build- 
ing, except  the  gable  parts,  were  made  into  doors,  which  hinged 
above,  so  that  when  opened  they  formed  an  awning  at  each  end  and 
left  an  entmnce  the  full  width  of  the  building.  We  went  into  camp 
abo*'*^  *^'»  "Mddleof  July,  and  were  soon  joined  by  Mr.  R,  C.  Ilutfaker, 
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of  Tennessee,  an  experienced  aeronautical  investigator  in  the  employ 
of  Mr.  Chanute,  b}-  whom  his  services  were  kindly  loaned,  and  by  Dr. 
G.  A.  Spratt,  of  Pennsylvania,  a  young  man  who  has  made  some  val- 
uable investigations  of  the  properties  of  variously  curved  surfaces 
and  the  travel  of  the  center  of  pressure  thereon.  Early  in  August 
Mr.  Chanute  came  down  from  Chicago  to  witness  our  experiments 
and  spent  a  week  in  camp  with  us.  These  gentlemen,  with  my  brother 
and  myself,  formed  our  camping  party,  but  in  addition  we  had  in 
many  of  our  experiments  the  valuable  assistance  of  Mr.  W.  J.  Tate 
and  Mr.  Dan.  Tate,  of  Kitty  hawk. 

The  machine  was  completed  and  tried  for  the  first  time  on  the  27th 
of  July,  in  a  wind  blowing  about  13  miles  an  hour.  The  operator 
having  taken  a  position  where  the  center  of  pressure  was  supposed  to 
be,  an  attempt  at  gliding  was  made,  but  the  machine  turned  downward 
and  landed  after  going  only  a  few  yards.  This  indicated  that  the 
center  of  gravity  was  too  far  in  front  of  the  center  of  pressure.  In 
the  second  attempt  the  operator  took  a  position  several  inches  farther 
back,  but  the  result  was  much  the  same.  He  kept  moving  farther  and 
farther  back  with  each  trial,  till  finally  he  occupied  a  position  nearly  a 
foot  back  of  that  at  which  we  had  expected  to  find  the  center  of  pressure. 
The  machine  then  sailed  off  and  made  an  undulating  flight  of  a  little  more 
than  300  feet.  To  the  onlookers  this  flight  seemed  very  successful,  but 
toJiifijaperator  it  was  knowixihat  the  full  power  of  the  rudder  had  been 
required  to  keepjUifi^machin^firom-^tfa^  the  ground  or 

rising  so  high  as  to  lose^L  headway .  In  the  1900  machine  one-fourth 
as  mucEmiddeV  action  had  been  sufficient  to  give  much  better  control. 
It  was  apparent  that  something  was  radically  wrong,  though  we  were 
for  some  time  unable  to  locate  the  trouble.  In  one  glide  the  machine 
rose  higher  and  higher  till  it  lost  all  headway.  This  was  the  position 
from  which  Lilienthal  had  alwaj^s  found  difficulty  to  extricate  himself, 
as  his  machine  then,  in  spite  of  his  greatest  exertions,  manifested  a 
tendency  to  dive  downward  almost  vertically  and  strike  the  ground 
head  on  with  frightful  velocity.  In  this  case  a  warning  cry  from  the 
ground  caused  the  operator  to  turn  the  rudder  to  its  full  extent  and 
also  to  move  his  body  slightly  forward.  The  machine  then  settled 
slowly  to  the  ground,  maintaining  its  horizontal  position  almost  per- 
fectly, and  landed  without  any  injury  at  all.  This  was  very  encourag- 
ing, as  it  showed  that  one  of  the  very  greatest  dangers  in  machines 
with  horizontal  tails  had  been  overcome  by  the  use  of  a  front  rudder. 
Several  glides  later  the  same  experience  was  repeated  with  the  same 
result.  In  the  latter  case  the  machine  had  even  commenced  to  move 
backward,  but  was  nevertheless  brought  safely  to  the  ground  in  a 
horizontal  position.  On  the  whole,  this  day's  experiments  were 
encouraging,  for  while  the  action  of  the  iiidder  did  not  seem  at  all  like 
that  of  our  1900  machine,  yet  we  had  escaped  without  difficulty  from 
positions  which  had  proved  very  dangerous  to  preceding  experiment- 
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ers,  and  after  less  than  one  minute^s  actual  pi-actice  had  made  a  glide 
of  more  than  300  feet,  at  an  angle  of  descent  of  10  ,  and  with  a 
machine  nearly  twice  as  large  as  had  previously  been  considered  safe. 
The  trouble  with  its  control,  which  has  been  mentioned,  we  l>elieved 
could  l>e  corrected  when  we  should  have  located  its  cause.  Several 
possible  explanations  occurred  to  us,  but  we  finally  concluded  that  the 
trouble  was  due  to  a  reversal  of  the  direction  of  the  travel  of  the' center 
pressure  at  small  angles.  In  deeply  curved  surfaces  the  center  of 
pressure  at  DO"'  is  near  the  center  of  the  surface,  but  moves  forward 
as  the  angle  becomes  less,  till  a  certain  point  is  reached,  varying  with 
the  depth  of  curvature.  After  this  point  is  passed,  the  center  of 
pressure,  instead  of  continuing  to  move  forward,  with  thedecreasing 
angle,  turns  and  moves  rapidly  toward  the  rear.  The  phenomena  are 
due  to  the  fact  that  at  small  angles  the  wind  strikes  the  forward  part 
of  the  surface  on  the  upper  side  instead  of  the  lower,  and  thus  this 
part  altogether  ceases  to  lift,  instead  of  being  the  most  effective 
part  of  all,  as  in  the  case  of  the  plane.  Lilienthal  had  called 
attention  to  the  danger  of  using  surfaces  with  a  curvature  as  great 
as  1  in  8,  on  account  of  this  action  on  the  upper  side;  ])ut  he 
seems  never  to  have  investigated  the  curvature  and  angle  at  which 
the  phenomena  entirely  cease.  My  brother  and  I  had  never  made 
any  original  investigation  of  the  matter,  but  assumed  that  a  curvatu/e 
of  one  in  twelve  would  be  safe,  as  this  was  the  curvature  on  which 
Lilienthal  based  his  tables.  However,  to  be  on  the  safe  side,  instead 
of  using  the  arc  of  a  circle,  we  had  made  the  curve  of  our  machine 
ver^'  abrupt  at  the  front,  so  as  to  expose  the  least  possible  area  to  this 
downward  pressure.  While  the  machine  was  building  Messrs.  Hutf- 
aker  and  Spratt  had  suggested  that  we  would  find  this  reversal  of  the 
center  of  pressure,  but  we  believed  it  sufficiently  guarded  against. 
Accordingly,  we  were  not  at  first  disposed  to  believe  that  this  reversal 
actually  existed  in  our  machine,  although  it  offered  a  perfect  explana- 
tion of  the  action  we  had  noticed  in  gliding.  Our  peculiar  plan  of 
control  by  forward  surfaces,  instead  of  tails,  was  based  on  the  assump- 
tion that  the  center  of  pressure  would  continue  to  move  farther  and 
farther  forward  as  the  angle  of  incidence  became  less,  and  it  will  l>e 
readily  perceived  that  it  would  make  quite  a  difference  if  the  front 
surface  instead  of  countemcting  this  asvsumed  forward  travel  should 
in  reality  be  expediting  an  actual  backward  movement.  For  several 
days  we  were  in  a  state  of  indecision,  but  were  finally  convinced  by 
observing  the  following  phenomena  (fig.  1):  We  had  removed  the 
upper  surface  from  the  machine  and  were  fl^'ing  it  in  a  wind  to  see  at 
what  angles  it  would  be  supported  in  winds  of  different  strengths. 
We  noticed  that  in  light  winds  it  flew  in  the  upper  position  shown  in 
the  figure,  with  a  strong  upward  pull  on  the  cord  c.  As  the  wind 
became  stronger  the  angle  of  incidence  became  less,  and  the  surface 
flew  in  the  position  shown  in  the  middle  of  the  figure,  with  a  slight 


Fig,  2.— a  Low  Glide. 


FlQ.   1.— SOABINO. 


Fra.  2.— Landing. 
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horizontal  pull;  but  when  the  wind  became  still  stronger  it  took  the 
lower  position  shown  in  the  figure,  with  a  strong  downward  pull.  It 
at  once  occurred  to  me  that  here  was  the  answer  to  our  problem,  for 
it  is  evident  that  in  the  first  case  the  center  of  pressure  was  in  front  of 
the  center  of  gravity,  and  thus  pushed  up  the  front  edge;  in  the  second 
case  they  were  in  coincidence  and  the  surface  in  equilibrium,  while  in 
the  third  case  the  center  of  pressure  had  reached  a  point  even  behind 
the  center  of  gravity,  and  there  was  therefore  a  downward  pull  on  the 


Fig.  l.—P,  center  of  pressure;  G,  center  of  gravity. 

cord.  This  point  having  been  definitely  settled,  we  proceeded  to  truss 
down  the  ribs  of  the  whole  machine,  so  as  to  reduce  the  depth  of 
curvature.  In  fig.  2  line  1  shows  the  original  curvature;  line  2,  the 
curvature  when  supporting  the  operator's  weight,  and  line  3,  the  curv- 
ature after  trussing. 

On  resuming  our  gliding,  we  found  that  the  old  conditions  of  the 
preceding  3'ear  had  returned,  and  after  a  few  trials  made  a  glide  of 
300  feet  and  soon  after  one  of  389  feet.     The  machine  with  its  new 


Fig.  2. — Diagrams  of  pressures  and  curves. 

curvature  never  failed  to  respond  promptly  to  even  smalt  movements 
of  the  rudder.  The  operator  could  cause  it  to  almost  skim  the  ground, 
following  the  undulations  of  its  surface,  or  he  could  cause  it  to  sail 
out  almost  on  a  level  with  the  starting  point,  and  passing  high  above 
the  foot  of  the  hill,  gradually  i^ettle  down  to  the  ground.  The  wind 
on  this  day  was  blowing  11  to  14  miles  per  hour.  The  next  day,  the 
conditions  being  favomble,  the  machine  was  again  taken  out  for  trial. 


144  SOME   AERONAUTICAL  EXPERIMENTS. 

This  time  the  velocity  of  the  wind  was  18  to  22  miles  per  hour.  At 
first  we  felt  some  doubt  as  to  the  safet}^  of  attempting  free  flight  in  so 
strong  a  wind,  with  a  machine  of  over  300  square  feet,  and  a  practice 
of  less  than  five  minutes  spent  in  actual  flight.  But  after  several  pre- 
liminary experiments  we  decided  to  try  a  glide.  The  control  of  the 
machine  seemed  so  good  that  we  then  felt  no  apprehension  in  sailing 
boldly  forth.  And  thereafter  we  made  glide  after  glide,  sometinie.s 
following  the  ground  closely  and  sometimes  sailing  high  in  the  air. 
Mr.  Chanute  had  his  camera  with  him  and  took  pictures  of  some  of 
these  glides,  several  of  which  are  among-  those  shown. 

We  made  glides  on  subsequent  days,  whenever  the  conditions  were 
favorable.  The  highest  wind  thus  experimented  in  was  a  little  over 
12  meters  per  second — nearly  27  miles  per  hour. 

It  had  been  our  intention  when  building  the  machine  to  do  the  larger 
part  of  the  experimenting  in  the  following  manner:  When  the  wind 
blew  17  miles  an  hour  or  more  we  would  attach  a  rope  to  the  machine 
and  let  it  rise  as  a  kite  with  the  operator  upon  it.  Whpn  it  should 
reach  a  proper  height  the  operator  would  cast  off  the  ropi^  and  glide 
down  to  the  ground  just  as  from  the  top  of  a  hill.  In  this  way  we 
would  be  saved  the  trouble  of  carrying  the  machine  up  hill  after  each 
glide,  and  could  make  at  least  ten  glides  in  the  time  required  for  one 
in  the  other  way.  But  when  we  came  to  try  it  we  found  that  a  wind 
of  17  miles,  as  measured  by  Richard's  anemometer,  instead  of  sus- 
taining the  machine  with  its  opcmtor,  a  total  weight  of  240  pounds, 
at  an  angle  of  incidence  of  3^,  in  reality  would  not  sustain  the 
machine  alone — 100  pounds — at  this  angle.  Its  lifting  capacity  seemed 
scarcely  one-third  of  the  calculated  amount.  In  order  to  make  sure 
that  this  was  not  due  to  the  porosity  of  the  cloth,  we  construcU^l  two 
small  experimental  surfaces  of  equal  size,  one  of  which  was  air-proofed 
and  the  other  left  in  its  natural  states;  but  we  could  detect  no  differ- 
ence in  their  lifting  powers.  For  a  time  we  were  led  to  suspect  that 
the  lift  of  curved  surfaces  little  exceeded  that  of  planes  of  the  same 
size,  but  further  investigation  and  experiment  led  to  the  opinion  that 
(1)  the  anemometer  used  b\'  us  overrecorded  the  true  velocity  of  the 
wind  by  nearly  15  per  cent;  (2)  that  the  well-known  Smeaton  coeffi- 
cient of  0.005  V*  for  the  wind  pressure  at  90  -  is  probably  too  great  by 
at  least  20  per  cent;  (3)  that  Lilienthars  estimate  that  the  pressure  on 
a  curved  surface  having  an  angle  of  incidence  of  3"-^  equals  0.545  of  the 
pressure  at  90  -  is  too  large,  lieing  nearh'  50  per  cent  greater  than  very 
recent  experiments  of  our  own  with  a  special  pressure-testing  machine 
indicate;  (4)  that  the  superposition  of  the  surfaces  somewhat  reduced 
the  lift  per  square  foot,  as  compan^d  with  a  single  surface  of  equal 
area. 

In  gliding  experiments,  however,  the  amount  of  lift  is  of  less 
relative  importance  than  the  i5itiQj)f  lift  to  drift,  as  this  alone^jicides 
the  angle  of  gliding  descent.     In  a  plane  the  pressure  is  alwaj's  per-^ 
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pendicular  to  the  surface,  and  the  ratio  of  lift  to  drift  is  therefore  the 
same  as  that  of  the  cosine  to  the  sine  of  the  angle  of  incidence.  But 
in  curved  surfaces  a  very  remarkable  situation  is  found.  The  pressure, 
instead  of  being  unifonnly  normal  to  the  chord  of  the  arc,  is  usually 
inclined  considerably  in  front  of  the  pei'pendicular.  The  result  is 
that  the  lift  is  greater  and  the  drift  less  than  if  the  pressure  were 
normal.  Lilienthal  was  the  first  to  discover  this  exceedingl}^  important 
fact,  which  is  fully  set  forth  in  his  book.  Bird  Flight  the  Basis  of  the 
Flying  \yt^  but  owing  to  some  errors  in  the  methods  he  used  in  making 
measurements,  question  was  raised  by  other  investigators  not  only  as 
to  the  accuracy  of  his  figures,  but  even  as  to  the  existence  of  any  tan- 
gential force  at  all.  Our  experiments  confirm  the  existence  of  this 
force,  though  our  measurements  differ  considerably  from  those  of 
Lilienthal.  While  at  Kitt}'  Hawk  we  spent  much  time  in  measuring 
the  horizontal  pressure  on  our  unloaded  machine  at  various  angles  of 
incidence.  We  found  that  at  13°  the  horizontal  pressure  was  about 
23  pounds.  This  included  not  only  the  drift  proper,  or  horizontal 
component  of  the  pressure  on  the  side  of  the  surface,  but  also  the  head 
resistence  of  the  framing  as  well.  The  weight  of  the  machine  at  the 
time  of  this  test  was  about  108  pounds.  Now,  if  the  pressure  had 
been  normal  to  the  chord  of  the  surface,  the  drift  proper  would  have 
been  to  the  lift  (108  pounds)  as  the  sine  of  13°  is  to  the  cosine  of  13°,  or 

.22X108 

— ='24:+  pounds;  but  this  slightly  exceeds  the  total  pull  of  23 

pounds  on  our  scales.     Therefore  it  is  evident  that  the  average  pressure 

on  the  surface  instead  of  being  normal  to  the  chord  was  so  far  inclined 

toward  the  front  that  all  the  head  resistance  of  framing  and  wires 

used  in  the  construction  was  more  than  overcome.     In  a  wind  of  14 

miles  per  hour  resistance  is  by  no  means  a  negligible  factor,  so  that 

tangential   is  evidently  a  force  of   considerable  value.     In  a  higher 

wind,  which  sustained  the  machine  at  an  angle  of  10°,  the  pull  on  the 

scales  was  18  pounds.     With  the  pressure  normal  to  the  chord  the 

.17  X  98^ 
drift  proper  would  have  been  - — qg =17  pounds,  so  that,  although 

the  higher  wind  velocity  must  have  caused  an  increase  in  the  head 
resistance,  the  tangential  force  still  came  within  1  pound  of  over- 
coming it.  After  our  return  from  Kitty  Hawk  we  began  a  series  of 
experiments  to  accurately  determine  the  amount  and  direction  of  the 
pressure  produced  on  curved  surfaces  when  acted  upon  by  winds 
at  the  various  angles  from  zero  to  90°.  These  experiments  are  not 
yet  concluded,  but  in  general  they  support  Lilienthal  in  the  claim 

«  The  travel  of  the  center  of  pressure  made  it  necessary  to  put  sand  on  the  front 
rudder  to  bring  the  centers  of  gravity  and  pressure  into  coincidence.  Consequently 
the  weight  of  the  machine  varied  from  98  pounds  to  108  pounds  in  the  different 
tests. 
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that  the  curves  give  pressures  more  favorable  in  amount  and  direction 
than  planes;  but  we  find   marked  differences   in   the   exact  values, 
especially   at  angles  below   10^.     We  were  unable  to  obtain  direct 
measurements  of  the  horizontal  pressures  of  the  machine  with  the 
operator  on  board,  but  %  comparing  the  distance  traveled  in  gliding 
with  the  vertical  fall  it  was  easily  calculated  that  at  a  speed  of  24 
miles  per  hour  the  total  horizontal  resistances  of  our  machine  when 
bearing  the  operator  amounted  to  40  pounds,  which  is  equivalent  to 
about  '2jt  horsepower.     It  must  not  be  supposed,  however,  that  a  motor 
developing  this  power  would  be  sufficient  to  drive  a  man-bearing 
machine.     The  extra  weight  of  the  motor  would  require  either  a 
larger  machine,  higher  speed,  or  a  greater  angle  of  incidence  in  order 
to  support  it,  and  therefore  more  power.     It  is  probable,  however, 
that  an  engine  of  6  horsepower,  weighing  100  pounds,  would  answer 
the  purpose.     Such  an  engine  is  entirely  practicable.     Indeed,  work- 
ing motors  of   one-half  this  weight  per  horsepower  (9  pounds  per 
horsepower)   have   been   constructed    b}-    several   different  builders. 
Increasing  the  speed  of  our  machine  from  24  to  83  miles  per  hour 
reduced  the  total  horizontal  pressure  from  40  to  about  35  pounds. 
This  was  cjuite  an  advantage  in  gliding  as  it  made  it  possible  to  sail 
about  15  per  cent  farther  with  a  given  drop.     However,  it  would  be 
of  little  or  no  advantage  in  reducing  the  size  of  the  motor  in  a  power- 
driven  machine,  because  the  lessened  thrust  would  be  counterbalanced 
by  the  increased  speed  per  minute.     Some  years  ago  Professor  Lang- 
ley  called  attention  to  the  great  economy  which  might  be  obtained 
by  using  very  high  speeds,  and  from  this  many  were  led  to  sup- 
pose that  speeds  of  50  or  GO  miles  an  hour  were  essential  to  suc- 
cess;   but  the   introduction    of    curved    surfaces  as   substitutes  for 
planes  has  very  greatly  reduced  the  speed  of  greatest  economy.     The, 
probability  in  tliat  the  first  flying  machines  will  have  a  relatively  low 
speed,  perliaps  not  much  exceeding  20  miles  per  hour,  but  the  prob- 
lem of  increasing  the  speed  will  be  much  simpler  in  some  respects 
than  that  of  increasing  the  speed  of  a  steamboat;  for,  whereas  in 
the  latter  case  the  size  of  the  engine  must  increase  as  the  cube  of  the 
speed,  in  the  flying  machine  until  extremely  high  speeds  are  reached 
the  capacity  of  the  motor  increases  in  less  than  simple  mtio;  and  there 
is  even  ^ decrease  in  the  fuel  consumption  per  mile  of  travel.     In 
other  words,  to  double  the  speed  of  a  steamship  (and  the  same  is  true 
of  the  balloon  type  of  air  ship)  eight  times  the  engine  and  boiler  capa- 
city would  be  required  and  four  times  the  fuel  consumption  per  mile 
of  travel;  while  a  flying  machine  would  require  engines  of  less  than 
double  the  size,  and  there  would  be  an  actual  decrease  in  the  fuel  con- 
sumption per  mile  of  travel.     But,  looking  at  the  matter  conversely, 
the  great  disadvantage  of  the  flying  machine  is  apparent;  for  in  the 
latter  no  flight  at  all  is  possible  unless  the  proportion  of  horsepow^er 
to  flying  capacit}"  is  very  high;  but,  on  the  other  hand,  a  steamship  is 
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a  mechanical  success  if  its  ratio  of  liorsepower  to  tonnage  is  insignifi- 
cant.    A  flying  machine  that  would  fly  at  a  speed  of  50  miles  an  hour^ 
with  engines  of  1,000  horsepower  W5>uld  noT^be^ujgheid  by  iti  wings  at 
all  at  a  speed  of  Tess  than  25  miles  an  hour,  and  nothing' less" tKan"50(P 
horsepo\Ygr  could  drive  it ^i  tlli^  Qp^^ort      But  a  boat  which  could Tnalie" 
40  miles  per  hour  with  engines  of  1,000  horsepower  would  still  move 
4  miles  an  hour  even  if  the  engines  were  reduced  to  1  horsepower. 
The  problems  of  land  and  water  travel  were  solved  in  the  nineteenth 
century,  because  it  was  possible  to  begin  with  small  achievements  and 
gradually  work  up  to  our  present  success.     The  flying  problem  was 
left  over  to  the  twentieth  centurv,  because  in  this  case  the  art  must  be 
highly  developed  before  any  flight  of  considerable  duration  can  be 
obtained. 

However,  there  is  another  way  of  flying  which  requires  no  artificial 
motor,  and  many  workers  believe  that  success  will  first  come  l)y  this 
road.  I  refer  to  the  soaring  flight,  by  which  the  machine  is  perma- 
nently sustained  in  the  air  by  the  same  means  that  are  employed  by 
soaring  birds.  They  spread  their  wings  to  the  wind,  and  sail  by  the 
hour,  with  no  perceptible  exertion  be^^ond  that  required  to  balance 
and  steer  themselves.  What  sustains  them  is  not  definitely  knovs^n, 
though  it  is  alnipst^crtain  tha]^jt^s_a  rising  current  of  air.  But 
whether  it  be  a  rising  current  or  something  else,^ris  as  well  able  to 
support  a  flying  machine  as  a  bird,  if  man  once  learns  the  art  of  util- 
izing it.  In  gliding  experiments  it  has  long  been  known  that  the  rate 
of  vertical  descent  is  veiy  much  retarded  and  the  duration  of  the 
flight  greatly  prolonged  if  a  strong  wind  blows  up  the  face  of  the  hill 
parallel  to  its  surface.  Our  machine,  when  gliding  in  still  air,  has  a 
rate  of  vertical  descent  of  nearly  6  feet  per  second,  while  in  a  wind 
blowing  26  miles  per  hour  up  a  steep  hill  we  made  glides  in  which  the 
rate  of  descent  was  less  than  2  feet  per  second.  And  during  the 
larger  part  of  this  time,  while  the  machine  remained  exactly  in  the 
rising  current,  there  was  no  descent  at  all,  but  even  a  slight  rise.  If 
the  operator  had  had  sufficient  skill  to  keep  himself  from  passing 
beyond  the  rising  current,  he  would  have  been  sustained  indefinitely 
at  a  higher  point  than  that  from  which  he  started.  The  illustration 
shows  one  of  these  very  slow  glides  at  a  time  when  the  machine  was 
practically  at  a  standstill.  The  failure  to  advance  more  rapidly  caused 
the  photographer  some  trouble  in  aiming,  as  you  will  perceive.  In 
looking  at  this  picture  you  will  readily  understand  that  the  excite- 
ment of  gliding  experiments  does  not  entirely  cease  with  the  breaking 
up  of  camp.  •  InJLbe  photographic jiark  room  at  home  we  pass  moments 
of  as  thrilling  interest  as  any  in  the  field,  when  the  image  begins  to 
appeaj;^on  the  pl«tff?  and  '^  J^  y^^i  am  ^p<^»^  question  whetlier3?:e„tta^:e  a. 
picture  of  a  flying  rnnrrlripp  or  mp.rf>|y  a.  patch  of  opcu  sky.  These 
slow  glides  in  rising  currents  probably  hold  out  greater  hope  of  exten- 
sive practice  than  any  other  method  within  man's  reach,  but  they  have 
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the  disadvantage  of  requiring  rather  strong  winds  or  very  large  sup- 
porting surfaces.  However,  when  gliding  operators  have  attained 
greater  skill,  they  can,  with  comparative  safety,  maintain  themselves 
in  the  air  for  hours  at  a  time  in  this  way,  and  thus  by  constant  prac- 
tice so  increase  their  knowledge  and  skill  that  they  can  rise  into  the 
higher  air  and  search  out  the  currents  which  enable  the  soaring  birds 
to  transport  themselves  to  any  desired  point  by  first  rising  in  a  circle 
to  a  great  height  and  then  sailing  off  at  a  descending  angle.  The  last 
illustration  shows  the  machine,  alone,  flying  in  a  wind  of  35  miles  per 
hour  on  the  face  of  a  steep  hill  100  feet  high.  It  will  be  seen  that  the 
machine  not  only  pulls  upward,  but  also  pulls  forward  in  the  direction 
from  which  the  wind  blows,  thus  overcoming  both  gmvity  and  the 
speed  of  the  wind.  We  tried  the  same  experiment  with  a  man  on  it, 
but  found  danger  that  the  forward  pull  would  become  so  strong  that  the 
men  holding  the  ropes  would  be  dragged  from  their  insecure  foothold 
on  the  slope  of  the  hill.  So  this  form  of  experimenting  was  discon- 
tinued after  four  or  five  minutes'  trial. 

In  looking  over  our  experiments  of  the  past  two  years,  with  models 
and  full-size  machines,  the  following  points  stand  out  with  clearness: 

1.  That  the  lifting  power  of  a  large  machine,  held  stationary  in  a 
wind  at  a  small  distance  from  the  earth,  is  much  less  than  the  Lilien- 
thal  table  and  our  own  laboratory  experiments  would  lead  us  to 
expect.  When  the  machine  is  moved  through  the  air,  as  in  gliding, 
the  discrepancy  seems  much  less  marked. 

2.  That  the  ratio  of  drift  to  lift  in  well-shaped  surfaces  is  less  at 
angles  of  incidence  of  6^  to  12°  than  at  an  angle  of  3^. 

3.  That  in  arched  surfaces  the  center  of  pressure  at  90*^  is  near  the 
center  of  the  surface,  but  moves  slowly  forward  as  the  angle  becomes 
less,  till  a  critical  angle,  varying  with  the  shape  and  depth  of  the 
curve,  is  reached,  after  which  it  moves  I'apidly  toward  the  rear  till  the 
angle  of  no  lift  is  found. 

4.  That  with  similar  conditions  large  surfaces  ma}'  l>e  controlled 
with  not  much  greater  difficulty  than  small  ones,  if  the  control  is 
effected  by  manipulation  of  the  surfaces  themselves,  rather  than  ])y  a 
movement  of  the  body  of  the  operator. 

5.  That  the  head  resistances  of  the  fmming  can  be  brought  to  a 
point  much  below  that  usually  estimated  as  necessary. 

6.  That  tails,  both  vertical  and  horizontal,  may  with  safety  be  elin>: 
nated  in  gliding  and  other  flying  experiments. 

7.  That  a  horizontal  position  of  the  operator's  bo<ly  may  be  assumed 
without  excessive  danger,  and  thus  the  head  resistan<»e  reduc(»d  to 
alwut  one-fifth  that  of  the  upright  position. 

8.  That  a  pair  of  superposed  or  tandem  surfaces  has  less  lift  in  pro- 
portion to  drift  than  either  surface  separately,  even  after  making 
allowance  for  weight  and  head  resistance  of  the  connections. 
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Many  attempts  have  been  made  to  sum  up  the  work  of  the  nine- 
teenth century  and  to  define  its  principal  lines  of  progress.  In  esti- 
mates of  the  relative  importance  of  the  books  published  during  this 
piM'iod  there  has  been  some  divergence  of  view,  but  regarding  one  of 
them  no  element  of  doubt  seems  to  have  entered  the  minds  of  the 
critics.  By  unanimous  consent  Darwin's  Origin  of  Species  is  accorded 
a  commanding  position  among  the  works  which  have  influenced  the 
intellectual  life  of  the  century.  It  would  be  difficult  to  overestimate 
the  effect  which  the  doctrine  of  evolution  has  wrought.  The  principle 
of  orderly  and  harmonious  development  which  it  embodies  has  found 
application,  not  only  in  explaining  the  wide  diversity  of  organic 
species,  but  in  unifying  the  events  of  history,  in  elucidating  the 
origin  of  language,  and  in  throwing  light  on  difficult  questions  in 
every  department  of  human  knowledge.  The  idea  of  evolution  may 
indeed  be  traced  back  through  the  writings  of  manj^  centuries.  The 
earh'  philosophers,  though  not  possessed  of  the  immense  collection 
of  recorded  phenomena  by  which  modern  men  of  science  may  test 
their  theories,  were  constantly  occupied  with  great  problems  demand- 
ing the  widest  generalization.  In  attempting  to  account  for  the  earth 
and  its  inhabitants  they  made  the  first  steps  in  the  direction  which 
Darwin  subsequently  pursued. 

It  would  be  interesting  to  recall  the  strange  traditions  in  which 
primitive  peoples  have  recorded  their  vague  imaginings  of  the  origin 
of  things.  But  the  absence  of  even  an  attempt  at  careful  reasoning 
renders  such  tales  of  no  value  for  our  present  purpose.  The  Greek 
philosophers  were  not  oblivious  to  the  value  of  observation  as  a  check 
on  speculation  regarding  the  solar  S3^stem,  but  the  instruments  then 

''Reviaed  from  an  address  delivered  on  June  5,  1901,  before  the  Minnesota  Chap- 
ter of  the  Honorary  Scientific  Society  of  Sigma  XI,  University  of  Minnesota.  Re- 
printed by  |)ermis8ion  of  the  author,  after  revision,  from  Popular  Science  Monthly, 
February,  1902. 
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available  were  too  crude  to  give  aicurato  positioiw  of  t!ie  heavpnly 
bodies.  Evvn  Coi)einicu.s,  though  hv  csfjililishcd  the  sun  at  the  ceiitei' 
of  our  system,  and  thus  paved  the  way  for  the  nchular  hypothesis, 
retained  the  epicycles  of  the  GreekK.  Kepler,  Imwing  his  investiga- 
tions upon  the  observations  of  Tyeho  Bi-ahc,  proved  that  the  planets 
move  in  ellipses  with  tiie  sun  at  the  focus,  and  removed  all  vestige  of 
dou))t  as  to  the  general  plan  of  the  solar  system.  The  harmony  which 
chai-acterizes  the  motions  of  the  planets  and  a  knowledge  of  the  efi'ect 
of  gravitation  led  Kant  to  fommlate  an  explanation  of  the  origin  of 
the  solar  system,  which  subsequently  found  more  perfect  expression 
in  the  nebular  hypothesis  of  Laplace. 

In  this  hypothesis  Laplace  seeks  to  account  for  the  formation  of 
the  sun  and  planets  through  the  contraction  of  a  vast  nebulous  cloud 
which  once  filled  the  entire  solar  system,  extending  to  the  orbit  of 
Neptune.  This  mass,  which  he  considered  to  be  fiery  hot,  was  sup- 
posed to  1)0  in  rotation.  As  it  cooled,  through  radiatfon  into  sjHice,  it 
conti-acted  toward  the  center.  The  result  of  this  contraction  wan  to 
increase  the  velocity  of  rotation,  and  when  through  increa.sing  velocity 
the  centrifugal  force  at  the  pf'riphery  counter lialanced  the  attraction 
of  the  central  niiuss  a  ring  wa-*  thrown  off.  Fiirther'  contraction 
resulted,  in  the  formation  of  other  rings,  in  each  of  which  the  mittter 
collet^ted  about  \U  densest  part^  and  thus  produced  a  planet.  Hefore 
they  had  time  to  eool  these  planets  in  turn  threw  off  rings,  which, 
with  the  single  exception  of  Saturn's  ring  system,  condensed  into 
satellites. 

This  (;e]cl)rated  hypothesis,  though   unsupported  l)y  matliematical 
proof,  Ims  occupied  n  dominant  position  since  the  time  of  its  publica- 
tion, more  than  a  century  ago.     It  has  Iw-en  sulijectod  to  much  criti- 
cism, i)ut  most  of  the  ol»Jections  raised  l)y  Fayc  and  others  hav*'  heen 
una  by  modilications  of  the  hypothesi.s.     Of  late  it  lias  encounteivd 
flesh  attacks  on  the  part  of  Chanil>erl 
seems  doulitful  whether  it  will  bepossib 
which  are  based  on  dynamical  considei 
sufficient,  liowevev,  to  forsake  the  lentil 
by  Laplace  in  favor  of  the  sjjiral  form 
characterize  so  many  neliuliv. 

The  neljular  hyixithesiw  seeks  to  accoi 
wherein  a  central  sun  is  surrounded  by  p 
self-luminous,  but  ultimately  cooled  to  t 
nous  only  through  reHected  light.  The 
that  any  planets  which  may  att.«-iid  them 
most  powerful  telescopes.  In  some  of  tl 
such  as  the  Great  Neltula  in  Andromw 
the  earlier  stages  of  the  process  of  con 
dence  of  progressive  change  has  yet  1 


Gaeat  Nebula  (n  Andromeda. 

PhOlnKrHphod  wUh  Die  2-foot  KSccIlaK  trlesi^aiie  of  iht  Yi'rki.'i' Obwrrnloiy  (Riirhey). 


Star  Trails  Photoqrapheo  with  21-inch  Potrait  Lens  IRit 
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observation.  In  seeking  for  evidence  of  stellar  evolution,  on  a  plan 
comprehensive  enough  to  include  a  place  for  every  star  in  the  heavens, 
we  may  begin  with  visual  and  photogmphic  observations  with  the  tele- 
scope. Such  remarkable  photographs  as  that  of  the  Andromeda  nebula 
seem  to  bring  us  into  the  very  presence  of  a  greater  system,  perhaps 
more  nearly  comparable  in  size  with  the  Milky  Way  tlian  with  the  solar 
system,  in  the  actualprocess  of  formation.  But  on  account  of  the  long 
periods  of  time  which  must  elapse  before  changes  in  this  distant  mass 
may  become  sufficiently^  great  to  be  appreciable,  and  for  many  other 
reasons,  we  could  not  hope  to  base  a  complete  scheme  of  stellar  evolu- 
tion on  such  photographs  alone.  Our  observ^ational  methods  must  also 
include  the  means  of  solving  physical,  chemical,  and  gravitational 
problems  as  they  present  themselves,  not  close  at  hand  in  the  la]>ora- 
tory,  but  in  inconceivably  distant  regions  of  space.  For  this  reason 
it  would  have  been  impossible  prior  to  the  invention  of  the  spectro- 
scope to  arrange  the  stars  according  to  any  clearly  defined  system  of 
development.  The  principal  advances  which  have  been  made  in  the 
study  of  stellar  evolution  are  therefore  confined  to  the  period  which 
has  elapsed  since  the  middle  of  the  nineteenth  centurv. 

Thus  the  iTTn^Stigalion  6t  stelTai*  evolution  has  })een  contemporaneous 
with  the  investigation  of  organic  evolution.  Indeed,  the  epoch-making 
discovery  of  the  chemical  composition  of  the  sun  by  Kirchhoff  and 
Bunsen  was  made  in  the  year  of  the  publication  of  the  Origin  of  Spe- 
cies. Before  this  disc^overy  the  meaning  of  spectral  lines  had  been  as 
obscure  a.s  the  meaning  of  Egyptian  hieroglyphs  prior  lo  the  discovery 
of  the  Rosetta  stone.  After  it  the  chemical  analvsis  of  a  star  became 
hardlv  less  difficult  than  the  analvsis  of  an  unknown  substance  in  the 
lalK)mtory.  Furthermore,  it  soon  })ecame  apparent  that  the  light  of  a 
star,  as  decomposed  by  a  prism,  was  competent  to  define  the  star's  posi- 
tion in  a  general  scheme  of  development,  in  which  every  advance  from 
the  unformed  nebulous  cloud  on  through  the  highest  degree  of  steUar 
brilliancy  to  such  a  final  stage  as  is  typified  b}'  the  moon  can  })e  defined 
with  but  little  danger  of  error.  Before  we  proceed  to  consider  some 
of  the  evidences  of  stellar  evolution,  let  us  examine  some  of  the  instru- 
ments and  methods  without  which  the  discoveries  to  lie  subsequently 
described  would  have  been  impossible. 

I  shall  confine  my  remarks  on  modern  astrophysical  instruments  to 
those  at  present  employed  at  the  Yerkes  Observatory,  partly  because 
nearly  all  the  celestial  photographs  reproduced  in  the  figures  were 
taken  with  these  instruments  and  partly  because  of  the  convenience  of 
illustrating  them.  But  before  describing  the  great  telescope  which 
forms  the  principal  apparatus  of  the  observatory,  I  wish  to  point  out 
that  many  of  the  most  imporbint  results  of  astronomy,  results  which 
could  not  be  obtjiined  with  a  powerful  telescope  for  the  very  reason  of 
its  great  power,  have  been  derived  from  the  use  of  an  ordinary  camera 


152  STELLAR  :e VOLUTION. 

with  just  such  a  lens  as  is  found  in  the  possession  of  thousands  of 
amateur  photographers.  If  we  take  an  ordinary  cameni  and  point  it  on 
a  clear  night  toward  the  North  Pole,  it  will  be  found  after  an  exposure 
of  one  or  two  hours  that  the  stars  which  lie  near  the  pole  have  drawn 
arcs  of  circles  upon  the  plate  (PL  II).  This  is  due  to  the  fact  that  the 
earth  is  rotating  upon  its  axis  at  such  a  rate  as  to  cause  every  star  in 
the  sky  to  appear  to  travel  through  a  complete  circle  once  in  twenty- 
four  hours  The  nearer  the  star  to  the  pole  the  smaller  does  this  circle 
become.  '  As  we  move  away  from  the  pole  we  find  the  curv^ature  of  the 
star  trails  growing  less  and  less,  until  at  the  equator  they  appear  as 
straight  lines. 

Just  such  photographs  as  these  are  frequently  employed  in  astro- 
nomical investigations;  e.  g.,  for  the  purpose  of  recording  variations 
in  a  star's  brightness,  which  would  be  shown  on  the  plate  by  changes 
in  the  brightness  of  the  trail.  But  for  most  purposas  it  is  desimble 
to  have  photographs  of  stars  in  which  they  are  represented  as  points 
of  light  rather  than  as  lines.  To  obtain  such  photogmphs  it  is  neces- 
sary to  mount  the  camera  in  such  a  way  that  it  can  be  turned  about  an 
axis  parallel  to  the  earth's  axis  om^e  in  twenty-four  hours.  A  camera 
so  mounted  becomes  an  equatorial  photographic  telescope,  differing  in 
no  important  respect  save  in  the  construction  of  its  lens  from  an 
instrument  like  the  4:()-inch  Yerkes  telescope. 

But  the  scale  of  the  photographs  obtained  with  such  a  camera  differs 
in  marked  degree  from  that  of  the  photographs  furnished  by  the  tele- 
scope. Here,  for  example,  is  a  region  of  the  Milky  Way,  photographed 
by  Proifessor  Barnard  with  one  of  the  old-fashioned  lenses  formerly 
employed  in  i>ortrait  galleries  (PI.  III).  Such  a  picture  as  this  is  of 
the  greatest  service  in  all  studies  of  the  structure  of  the  Milky  Way, 
for  it  brings  before  us  at  a  single  glance  an  immense  region  of  the 
sky,  thus  permitting  us  to  trace  the  general  features  which  are  (com- 
mon to  this  area.  You  will  notice  in  the  midst  of  this  star  cloud  a 
little  cluster  of  stars,  here  so  densely  packed  together  that  no  details 
of  the  cluster  can  be  distinguished.  If  our  investigations  required  us 
to  single  out  some  individual  star  in  the  clust**r,  perhaps  for  the  pur- 
pose of  analyzing  its  light,  it  is  evident  that  the  portrait  lens  would 
prove  inadequate  for  our  purpose.  It  is  in  such  a  case  as  this  that  an 
instrument  like  the  40-inch  telescope  comes  into  pla3\  The  camera 
with  which  this  photograph  was  taken  has  a  lens  6  inches  in  diamett^T, 
of  31  inches  focal  length.  The  great  telescope  has  a  lens  40  inches  in 
diameter,  of  64  feet  focal  length.  Thus  the  scale  of  the  photographs 
made  with  the  telescoix*  is  about  twenty-five  times  that  of  the  photo- 
graphs made  rith  the  portrait  lens.  The  portrait  lens  covers  a  large 
area  of  the  sky  on  a  ver}'  small  scale,  while  the  field  of  the  telescope 
is  limited  to  a  small  region,  which  is  depicted  on  a  large  scale.  Let 
■--  the  difference  between  the  two  instruments  as  illustrated  by 


Star  Cluster  Messier  1 1  and  the  Surroukdino  Milky  Way. 

H'Rle  pholognipli  lakeii  wllh  piiinitl  lenn  (Batnanll.    The  tinnier,  hereabui 


Star  Cluster  Messier  11. 

\e  plicilOKnpli  lAli^n  wUh  the  -lO-Incli  Yvrkea  WliBcope  {Rilchcy), 
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the  photographs  themselves  (compare  PI.  Ill  with  PI.  IV).  The  small 
cluster,  which  in  reality  contains  several  thousands  of  stars,  is  resolved 
by  Mr.  Ritehey's  photograph,  taken  with  the  large  telescope,  into  all 
its  constituent  parts,  stars  less  than  on(*  second  of  arc  apart  being 
clearly  separated  on  this  great  scale. 

Having  seen  this  illustration  of  the  superior  power  of  the  large 
telescope  you  may  perhaps  be  interested  to  become  more  closely 
acquainted  with  the  instrument  itself  (PI.  V).  The  great  weight  of 
the  4()-incli  lens,  amounting  with  its  cell  to  half  a  ton,  requires  that 
the  tube  which  supports  it,  here  taking  the  place  of  the  camera  box  of 
the  previous  instrument,  shall  be  of  immense  rigidity  and  strength. 
This  tube,  64  feet  in  length,  is  supported  at  its  middle  point  by  the 
declination  axis,  which  in  its  turn  is  carried  by  the  polar  axis,  adjusted 
to  accurate  parallelism  with  the  axis  of  the  earth.  By  means  of  driv- 
ing mechanism  in  the  upper  section  of  the  iron  column  the  whole 
iuvstrument  is  turned  about  this  i)olar  axis  at  such  a  rate  that  it  would 
complete  one  revolution  in  twenty-four  hours.  Although  the  mov- 
ing pai'ts  weigh  over  20  tons,  the  telescope  can  be  directed  to  any 
part  of  the  sky  by  hand,  but  this  operation  is  much  facilitated  by  the 
use  of  electric  motors  provided  for  the  purpose.  When  once  directed 
toward  the  object  to  be  observed  it  will  frequently  happen  that  the 
lower  end  of  the  telescope  is  far  out  of  reach  above  the  observ^er's 
head.  For  this  reason  the  entire  floor  of  the  observing  room,  75  feet 
in  diameter,  is  constructed  like  an  electric  elevator,  which,  by  throw- 
ing a  switch,  can  be  made  to  rise  or  fall  through  a  distance  of  23  feet. 
Thus  the  lower  end  of  the  telescope  is  rendered  accessible  even  for 
objects  near  the  horizon.  In  order  that  the  observing  slit  may  be 
directed  to  any  part  of  the  sky  the  dome,  IK)  feet  in  diameter,  is 
mounted  on  wheels  and  can  be  turned  to  any  desired  position  by  means 
of  an  electric  motor  controlled  from  the  rising-floor. 

The  telescope  is  used  for  a  great  variety  of  purposes  in  conjunction 
with  appropriate  instruments,  which  are  attached  to  the  lower  end  of 
the  tube  near  the  point  where  the  image  is  formed.  I  have  already 
shown  a  photograph  of  a  star  cluster  taken  with  this  telescope,  but 
without  describing  the  process  of  making  it.  As  a  matter  of  fact  the 
object-glass  of  the  40-inch  telescope  was  designed  for  visual  observa- 
tions, and  its  maker,  the  late  Alvan  G.  Clark,  had  no  idea  that  it 
would  ever  be  emplo3^ed  for  photography.  Without  dwelling  upon 
the  distinguishing  features  of  visual  and  photographic  lenses  1  may 
say  that  the  former  is  so  designed  by  the  optician  as  to  unite  into  an 
image  those  rays  of  light,  particularly  the  yellow  and  the  green,  to 
which  the  eye  is  most  sensitive.  With  the  only  varieties  of  optical  glass 
which  can  be  obtained  in  large  pieces  it  is  impossible  to  unite  in  a  sin- 
gle clearly  defined  image  all  of  the  red,  the  3^ellow,  the  green,  the  blue, 
and  the  violet  rays  which  reach  us  from  a  star.     Therefore  when  the 
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optician  decides  to  produce  an  image  most  suitable  for  eye  observations 
he  deliberately  discards  the  blue  and  violet  rays,  simply  because  they 
are  less  important  to  the  eye  than  the  yellow  and  green  rays.  For 
this  reason  the  image  of  a  star  produced  by  a  large  refracting  telescope 
is  surrounded  by  a  blue  halo  containing  the  rays  discarded  b}^  the 
optician.  These  very  rays,  however,  are  the  ones  to  which  the  ordi- 
nary photographic  plate  is  most  sensitive;  hence  in  a  photographic 
telescope  the  blue  and  violet  rays  are  united,  while  the  yellow  and 
green  rays  are  discarded. 

The  40-inch  telescope  is  of  the  first  type,  constructed  primarily  for 
visual  observations.  In  order  to  adapt  it  for  photography  Mr.  G.  W. 
Jlitchey,  of  the  observatory  staff,  simply  places  before  the  (isochro- 
matic)  plate  a  thin  screen  of  yellow  glass,  which  cuts  out  the  blue  rays, 
but  allows  the  yellow  and  green  mys  to  pass.  As  isochromatic  plates 
are  sensitive  to  3  ellow  and  green  light,  there  is  no  difficulty  in  securing 
an  image  with  the  i-ays  which  the  object  glass  unites  into  a  perfect 
image.  During  the  entire  time  of  the  exposure  a  star  which  lies  just 
outside  the  region  to  be  photographed  is  observed  through  an  eye- 
piece magnifying  1,000  diameters.  This  C}  epiece  is  attached  to  the 
frame  which  carries  the  photographic  plate,  and  is  susceptible  of 
motion  in  two  directions  at  right  angles  to  each  other.  In  the  center 
of  the  eyepiece  are  two  very  fine  cross  hairs  of  spider  web  illuminated 
b}'  a  small  incandescent  lamp.  If  the  observer  notices  that  through 
some  slight  irregularit}^  in  the  motion  of  the  telescope,  or  through 
some  change  of  refraction  in  the  earth's  atmosphere,  the  star  image 
is  moving  away  from  the  point  of  intersection  of  the  cross  haii>», 
he  instantl}'  brings  it  back  by  moans  of  one  or  both  of  the  screws.  As 
the  plate  moves  with  the  eyepiece  it  is  evident  that  this  method  fur- 
nishes a  means  of  keeping  the  star  images  exactly  at  the  same  point 
on  the  phite  throughout  the  entire  (»xposure.  With  such  apparatus 
certiiin  data  are  gathered  for  the  study  of  stellar  development. 

It  is  easier  to  trace  the  successive  steps  in  the  developmenii  of  a  star 
after  it  has  been  formed  than  it  is  to  account  for  its  origin,  but  all  the 
evidence  that  has  ))een  accunuilated  up  to  the  present  time  tends  to 
show  that  stans  are  condensed  out  of  the  cloud-like  masses  which  we 
know  as  nebuhe.  IjCss  than  half  a  century  has  passed  since  the  true 
nature  of  a  gaseous  nebula  was  determined.  In  his  extensive  obser- 
vations of  astronomical  phenomena  Sir  William  Herschel  examined  a 
great  number  of  star  clusters  similar  to  that  shown  in  Plate  IV.  His 
telescope  was  a  large  one,  })ut  it  can  sjifely  be  said  that  he  never  saw  a 
cluster  so  well  as  this  object  can  be  perceived  through  the  aid  of  pho- 
tography. He  found  in  studying  object  after  object  in  all  parts  of  the 
heavens  that  manv  clusters  could  be  resolved  into  their  constituent 
stars.  In  some  of  these  clust(»rs  the  stars  are  widely  separated  l>y  a 
powerful  instrument,  us  they  appear  in  this  photograph.     In  others. 
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Central  Parts  of  the  Great  Nebula  tn  Orion. 
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either  on  account  of  their  greater  distance  or  because  the  stars  are^ 
less  widely  spaced,  the  central  regions  are  no  longer  clearly  resolvable 
as  separate  objects.     It  is  thus  quite  possible  to  imagine  a  cluster  in 
which  the  stars  are  so  closely  grouped  that  no  telescope,  however 
powerful,  could  distinguish  them  separately. 

Now,  as  a  itiatter  of  fact,  we  find  in  all  parts  of  the  heavens  lumin- 
ous objects  which  can  not  be  separated  into  stars.  Some  of  these  are 
of  definite  outline  and  are  perfectly  symmetrical  in  form,  in  many 
cases  with  a  brilliant  star-like  nucleus  at  their  center.  These  are 
known  as  the  planetary  nebulse.  Other  nebula;,  like  the  great  nebula 
in  Orion  (PI.  VI),  are  diffuse  and  irregular  and  extend  over  great 
regions  of  the  sky.  It  was  long  a  question  whether  such  objects  were 
capable  of  resolution  into  stars  with  a  sufficiently  powerful  telescope. 
Herschel  rightly  concluded  that  an  important  distinction  can  be  drawn 
between  a  nebula  and  a  star  cluster,  though  his  son  did  not  admit  this 
distinction. 

It  was  only  after  Huggins  had  applied  the  spectroscope  to  an  analy- 
sis of  the  light  of  a  nebula  that  it  could  be  said  without  danger  of  con- 
tradiction that  the  phenomenon  is  not  one  produced  by  the  crowding 
together  of  separate  stars,  but  is  due  to  the  presence  of  a  mavss  of  incan- 
descent gas.  Sir  William  Huggins's  account  of  his  first  spectroscopic 
examination  of  a  nebula  is  recorded  in  the  first  volume  of  the  Publica- 
tions of  the  Tulse  Hill  Observatory: 

''On  the  evening  of  August  29, 1864, 1  directed  the  spectroscope  for 
the  first  time  to  a  planetary  nebula  in  Draco.  I  looked  into  the  spec- 
troscope. No  spectrum  such  as  I  had  expected!  A  single  bright  line 
only!  At  first  I  suspected  some  displacement  of  the  prism  and  that  I 
was  looking  at  a  reflection  of  the  illuminated  slit  from  one  of  its  faces. 
This  thought  was  scarcely  more  than  momentary;  then  the  true  inter- 
pretation flashed  upon  me.  The  light  of  the  nebula  was  monochro- 
matic, and  so,  unlike  any  other  light  1  had  as  yet  subjected  to  prismatic 
examination,  could  not  be  extended  out  to  form  a  complete  spectrum. 
After  passing  through  the  two  prisms  it  remained  concentrated  into  a 
single  bright  line,  having  a  width  corresponding  to  the  width  of  the 
slit,  and  occupying  in  the  instrument  a  position  at  that  part  of  the 
spectrum  to  wliich  its  light  belongs  in  refmngibilit}'.  A  little  closer 
looking  showed  two  other  bright  lines  on  the  side  toward  the  blue, 
all  three  lines  being  separated  by  intervals  relatively  dark.  The  riddle 
of  the  nebuhe  was  solved.  The  answer,  which  had  come  to  us  in  the 
light  itself,  read:  Not  an  aggregation  of  stars,  ])ut  a  luminous  gas." 

.  With  this  advance  a  new  era  of  progress  began.  The  power  of  the 
spectroscope  to  distinguish  between  a  glowing  gas  and  a  mass  of  par- 
tially condensed  vapors  like  a  star  established  it  at  once  in  its  place  as 
the  chief  instrument  of  the  student  of  stellar  evolution.  It  l)eciime 
apparent  that  the  unformed  nebula  might  furnish  the  stuft*  from  which 
stars  are  made.     Observations  tending  to  this  conclusion  were  not  long 
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in_presentinpf  themselves.  In  the  heart  of  the  Orion  nebula  are  four 
nmall  stars  which  constitute  the  well-known  Trapezium.  Situated  as 
they  are  in  the  midst  of  this  far-reaching  mass  of  gas,  it  is  not  hard  to 
picture  them  as  centers  of  condensation,  toward  which  the  play  of 
gravitational  forces  tends  to  concentrate  the  gases  of  the  nebula.  It 
might  therefore  be  expected  that  stars  in  this  early  stage  of  growth 
should  show  through  the  spectroscopic  analysis  of  their  light  some 
evidence  of  relationship  with  the  surrounding  nebula.  Now,  this  is 
precisely  what  the  spectroscope  has  demonstrated.  Mot  only  these 
stars,  but  many  other  stars  in  the  constellation  of  Orion  are  shown  by 
the  spectroscope  to  contain  the  same  gases  which  constitute  the  nebula. 
For  this  and  other  reasons  they  are  considered  to  represent  one  of  the 
earliest  stages  of  stellar  growth. 

It  ma}^  be  many  years  before  the  exact  nature  of  the  process  by 
v/hich  a  star  is  formed  from  a  nebulous  mass  is  clearlv  understood. 
Shortly  before  his  death  the  late  Professor  Keeler  made  a  most  impor- 
tant discovery  in  the  course  of  his  photographic  work  with  the  Crossley 
reflector  of  the  Lick  Observatory.  Spiral  nebula?  have  long  been 
known,  but  it  was  not  supposed  that  they  were  sufliciently  numerous 
to  be  regarded  as  typt^  objects.  The  great  spiral  nebula  illustrated 
by  one  of  Mr.  Ritchey's  recent  reflector  photographs  (PI.  VII)  has  long 
been  regarded  as  one  of  the  most  remarkable  objects  in  the  heavens,  and 
the  possible  significance  of  its  form  had  by  no  means  been  overlooked. 
But  few  astronomers  were  prepared  for  Professor  Keeler's  announce- 
ment that  the  majority  of  nebulae  are  of  the  spiral  form  and  that  many 
thousands  of  these  objects  are  within  the  reach  of  such  an  instrument 
as  the  Crossley  reflector.  It  does  not  seem  improbable  that  this  spiral 
form  may  prove  to  represent  the  original  condensing  mass  more  truly 
than  the  lenti(*ular  form  from  which  Laplace  imagined  the  solar  system 
to  be  evolved. 

Enough  has  already  been  said  to  indicate  how  large  a  part  the 
methods  of  spectroscopy  must  play  in  the  study  of  the  life  history  of 
stars.  In  spite  of  the  common  opinion  that  the  spectroscope  is  an 
intricate  instrument  and  that  the  principles  of  spectroscopy  are  obscure 
and  difficult  of  comprehension,  it  is  a  fact  that  the  processes  used  in 
this  field  of  investigation  can  be  easily  understood  by  anyone  who  will 
devote  a  very  small  amount  of  time  to  the  subject.  As  you  doubtless 
know,  the  essential  feature  of  a  star  spectroscope  is  the  prism  or  train 
of  prisms  by  which  the  star  light  is  divided  into  its  constituent  parts. 
After  |)as.sing  through  the  prisms  the  light  of  the  star  is  spread  out 
into  a  long  band,  which  shows  all  the  colors  of  the  itiinbow,  beginning 
with  I'ed  at  one  end  and  passing  through  omnge,  yellow,  green,  and 
blue  to  violet  at  the  other.  This  band  is  crossed  by  lines,  and  the 
problem  of  the  spectroscopist  is  to  interpret  the  meaning  of  these  lines. 


Spiral  Nebula  in  Canes  Vematici. 
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If  the  lines  are  dark  he  knows  that  the  li^ht  of  the  star  after  originat- 
ing in  an  interior  incandescent  body  has  passed  through  a  mass  of 
cooler  \'apors,  and  that  during  its  transmission  some  of  the  light  has 
suffered  absorption.  If,  on  the  other  hand,  the  lines  are  bright,  he 
knows  that  the  region  where  they  arc  produced  is  hotter  than  that  lying 
below.  Thus  a  single  glance  at  the  spectrum  of  a  star  is  sufficient  to 
give  important  information  regarding  the  physical  condition  of  its 
atmosphere. 

But  the  spectral  lines  are  able  to  tell  a  far  mor<5  complete  story  of 
stellar  conditions.  If  their  exact  position  in>  the  spectrum  can  be 
measured  it  becomes  possible  to  determine  the  chemical  composition 
of  the  star's  atmosphere.  And  here  the  spectroscopist  may  be  said  to 
have  the  advantage  of  the  archeologist,  in  that  the  kc}'  to  stellar 
hieroglyphs  is  a  master  key,  capable  of  interpreting  not  merely  the 
language  of  a  single  people  or  a  single  age,  but  of  laying  bare  the 
secrets  of  the  most  distant  portions  of  the  universe  and  applying  with 
equal  force  to  the  primitive  and  to  the  most  highly  developed  forms  of 
celestial  phenomena.  If  we  take  a  piece  of  iron  wire  and  turn  it  into 
vapor  in  the  intense  heat  of  an  electric  arc  lamp  we  find  that  the  light 
which  the  glowing  iron  vapor  emits,  when  spread  out  into  a  spectrum 
by  a  prism,  consists  of  a  series  of  lines  characteristicall}^  spaced  and 
always  occupying  the  same  relative  positions.  In  the  same  way  every 
other  element  when  transformed  into' vapor  by  a  sufficiently  intense 
heat  emits  characteristic  radiations,  consisting  of  groups  of  lines 
occupying  definite  positions  in  the  spectrum.  It  is  thus  easy  to  see  how 
the  presence  of  iron  vapor  can  be  detected  in  the  atmosphere  of  Sirius 
or  in  that  of  the  sun.  In  the  spectrum  of  each  of  these  stars  we  find 
a  group  of  lines  occupying  the  same  relative  positions  as  the  lines  fur- 
nished by  the  iron  vapor  in  an  electric  arc.  Hydrogen  gives  an  even 
more  char^acteristic  group  of  lines,  which  growcloserand  closer  together 
as  we  pass  from  the  red  end  of  the  spectrum  toward  the  violet.  This 
group  occurs  in  the  spectra  of  thousands  of  stars  and  serves  as.  an 
important  guide  in  determining  a  star's  place  in  a  general  scheme  of 
stellar  evolution. 

The  pir^actical  means  of  carrying  out  this  method  of  research  may 
be  illustrated  by  a  reference  to  the  stellar  spectroscope  employed  with 
the  40-inch  Yerkes  telescope.  The  spectroscope  is  rigidly  attached  to 
the  lower  end  of  the  telescope  tube.  The  image  of  a  star' formed 'by 
the  40-inch  lens  passes  into  the  spectroscope  through  a  slit  about  one 
one-thousandth  of  an  inch  wide.  After  analvsis  bv  a  train  of  three 
prisms  an  image  of  the  resulting  spectrum  is  formed  by  a  suitable  lens 
upon  a  photographic  plate.  In  making  the  photograph  it  is  only 
necessary  to  keep  the  image  of  a  star  exactly  on  the  slit  throughoiit 
the  exposure,  which  may  occupy  from  one  minute  to  several  hours,  the 
duration  dep3nding  upon  the  brightness  of  the  star. 
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We  have  seen  that  a  single  glance  at  the  spectrum  of  a  star  is  suffi- 
cient to  give  us  important  information  as  to  the  structure  of  ite  atmos- 
phere, while  a  study  of  the  position  of  the  lines  tells  what  chemical 
elements  are  present.  We  might  go  on  to  consider  how  the  width  and 
sharpness  of  the  lines,  together  with  shifts  in  their  position  toward  the 
red  end  of  the  spectrum,  furnish  the  means  of  estimating  the  density 
of  the  vapors  and  the  pressure  to  which  they  are  subjected.  The  rela- 
tive intensities  of  certain  lines  also  serve  as  a  clew  to  the  temperature. 
Thus  in  the  spectrum  of  magnesium  there  is  a  pair  of  lines,  one  of 
which  is  the  stronger  at  the  temperature  of  the  electric  spark,  while 
the  other  is  the  stronger  at  the  lower  temperature  of  the  electric  arc. 
In  the  spectra  of  certain  stars  the  greater  intensity  of  the  first  line 
may  indicate  that  the  temperature  is  high  and  approximates  that  of  the 
electric  spark,  while  in  other  stars  the  relative  intensities  are  reversed, 
suggesting  that  the  temperature  is  lower  and  corresponds  more  closely 
with  that  of  the  electric  arc.  In  addition  to  all  this,  certain  easily 
measureable  changes  in  the  position  of  the  spectral  lines  are  known 
from  Doppler's  principle  to  indicate  motion  of  the  star  in  the  direction 
of  the  earth.  Thus,  if  the  lines  are  shifted  toward  the  red  with  refer- 
ence to  their  normal  position,  and  if  we  have  evidence  that  the  shift  is 
not  due  to  pressure,  we  may  conclude  that  the  distance  between  the 
earth  and  the  star  is  increasing,  while  if  the  lines  are  shifted  toward 
the  violet  we  conclude  that  the  distance  between  the  earth  and  the  star 
is  decreasing.  As  the  earth's  motion  is  known,  the  velocity  of  the  star 
in  the  line  of  sight  can  therefore  be  accurately  determined. 

After  this  glance  at  the  methods  employed  by  the  spectroscopist,  we 
may  return  to  a  further  consideration  of  the  stages  of  stellar  evolution. 
We  have  seen  that  the  long-continued  action  of  gravity  tends  to  pro- 
duce condensation  of  a  cosmical  cloud.  The  constellation  of  Orion 
contains  many  examples  of  stars  in  this  early  stage  of  development. 
As  the  mass  condenses  its  temperature  rises,  and  correj^ponding  with 
this  rise  in  temperature  and  in  the  density  of  the  vapors  which  consti- 
tute the  star  we  find  characteristic  changes  in  the  spectrum  and  also  in 
the  star's  color.  Such  a  biilliant  white  or  bluish-white  star  as  Siriua 
or  Vega  may  be  taken  as  representative  of  the  next  stage  of  stellar 
development.  Here  the  broad  bands  of  hydrogen,  which  constitute  a 
beautiful,  series  expressible  by  a  simple  mathematical  formula,  serve 
as  the  chief  mark  of  distinction.  The  conditions  are-  not  yet  ripe  for 
the  marked  development  of  metallic  lines,  though  doubtless  the  numer- 
erous  elements  which  constitute  the  sun,  and  which  for  the  most  part 
are  familiar  to  us  on  the  earth,  are  present  in  such  stars,  though  they 
are  not  revealed  through  a  study  of  the  spectrum-.  It  is  tnie  that  evi- 
dence exists  of  the  presence  of  iron  and  a  few  other  substances,  but 
the  lines  are  thin  and  few  in  numl^er,  and  might  be  overlooked  in  a 
casual  examination  of  the  spectrum.  The  period  for  their  greatest 
development  has  not  yet  arrived.     The  light  gas  hydrogen,  reaching 
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far  above  the  white-hot  mass  of  condensed  vapors  which  constitute 
the  nucleus  of  the  star,  is  at  this  stage  the  predominant  element,  at 
least  so  far  as  we  may  judge  from  a  study  of  the  light  radiation. 

An  interesting  question  has  arisen  regarding  the  period  in  a  star's 
life  at  which  the  highest  temperature  is  attained.  The  apparently 
paradoxical  statement  of  Lane's  law  that  the  temperature  of  a  cooling 
mass  of  incandescent  vapors,  instead  of  falling,  actually  increases  until 
a  certain  stage  has  passed,  applies  in  the  present  instance.  We,  indeed, 
know  that  a  condensing  nebula,  losing  heat  by  radiation  into  space,  will 
continue  to  rise  in  temperature  for  thousands  and  even  millions  of 
years.  A  question  which  has  received  some  discussion  of  late  is  with 
regard  te  the  precise  period  at  which  the  maximum  tcmpei'ature  occurs. 
Shall  we  seek  it  in  white  stars  like  Sirius  or  in  yellow  stars  like  the 
sun,  which  represents  the  next  well-defined  stage  of  stellar  evolu- 
tion ?  With  an  instrument  of  extraordinary  delicacy  Professor  Nichols 
has  reccntlv  measured  at  the  Yerkes  Observatorv  the  amount  of  heat 
which  we  receive  from  Vega  and  Arcturus.  The  distance  of  these 
stars  is  so  inconceivably  great  that  the  quantity  of  heat  which  they 
semi  to  the  surface  of  the  earth  has  hitherto  been  too  small  to  be 
detected  by  the  most  sensitive  instruments.  Professor  Nichols's  radi- 
ometer, which,  in  combination  with  a  large  concave  mirror,  renders  it 
easy  to  measure  the  heat  radiated  from  a  man's  face  2,000  feet  away, 
proved  adequate  for  the  task.  He  found  that  Arcturus  sends  us  about 
as  much  heat  as  we  should  get  from  a  candle  6  miles  away  if  there  were 
no  intervening  atmosphere  to  reduce  the  candle's  intensity'.  .  Vega,  which 
to  the  eye  is  precisely  equal  te  Arcturus  in  brightness,  was  found  to 
send  us  only  half  as  nmch  heat.  If  the  absorbing  atmospheres  of 
Arcturus  and  Vega  were  similar  in  character,  it  would  follow,  from 
Professor  Nichols's  results,  that  Vega,  though  it  sends  us  less  heat,  is 
really  the  hotter  of  the  two  stars.  For  we  know  from  laboratory 
experiments  that  the  proportion  of  long  (heat)  waves  to  short  (light) 
waves  is  greater  in  the  radiation  of  the  cooler  of  two  bodies  heated  to 
incandescence.  In  this  case  the  fact  that  Arcturus  sends  the  greater 
amount  of  heat  would  be  ascribed  rather  to  greater  size  than  to  lesser 
distance,  as  there  is  good  reason  to  believe  that  it  is  farther  from  us 
than  Vega. 

But  unfortunately  the  dissimilarity  of  the  atmospheres  of  the  two 
stars  renders  it  uncertain  whether  such  conclusions  can  safely  be  drawn. 
This  is  particularly  true  in  view  of  the  fact  that  Sir  William  Huggins 
concludes  from  his  spectroscopic  studies  that  the  highest  stage  of  stellar 
temperature  is  reached  in  stars  like  Arcturus  and  the  sun,  while  stars 
like  Vega  are  still  in  an  earlier  and  less  highly  heated  condition. 

While  some  uncertainty  must  therefore  prevail  until  further  investi- 
gations have  been  completed  regarding  the  exact  stage  at  which  the 
highest  stellar  temperatures  are  attained,  there  can  be  little  doubt  as 
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to  the  path  which  is  followed  when  through  the  long  continued  action 
of  gravitation  a  young  star  like  Vega  develops  into  a  star  like  the  sun. 
We  are  fortunate  in  possessing  examples  of  a  great  number  of  inter- 
mediate stages  in  this  orderly  progress  (PI.  VIII,  fig.  1).  As  condensa- 
tion continues,  and  as  the  vapors  which  constitute  the  star  continue  to 
crowd  upon  each  other,  the  stellar  nucleus  becomes  denser  and  denser 
and  the  vast  atmosphere  of  hydrogen  gradually  gives  place  to  a  much 
shallower  atmosphere,  in  which  h3^drogen  is  still  conspicuous,  though 
it  no  longer  predominates  in  a  very  striking  manner  over  the  other 
elements.  The  spectral  lines  of  such  elements  as  iron,  magnesium, 
sodium,  and  calcium,  rise  into  prominence  as  the  hydrogen  lines  fade. 
Meanwhile  the  light  of  the  star  undergoes  a  change  of  color,  com- 
pletely losing  its  bluish  cast  and  assuming  a  distinctly  3  ellow  hue. 
There  can  be  little  if  any  doubt  that  the  development  of  our  own  sun 
must  cause  it  to  pass  through  some  such  stages  as  are  represented  by 
the  spectra  shown  in  PL  VIII,  fig.  1.  The  time  which  has  elapsed 
since  it  acquired  it^  present  size  and  density  as  the  result  of  the  con- 
densation of  the  great  nebula  in  which  the  earth  and  the  other  planets 
also  had  their  origin,  covers  many  millions  of  years.  It  is  fortunate 
for  the  study  of  stellar  evolution  that  the  stages  through  which  the 
sun  once  passed  are  all  exemplified  in  existing  stars,  which  for  unknown 
reasons  began  their  stellar  life  at  widely  different  times. 

It  will  be  profitable  to  consider  for  a  moment  some  of  the  remark- 
able phenomena  which  are  presented  to  us  by  the  sun,  not  only  because 
of  their  intrinsic  interest,  but  also  because  it  is  perfectly  safe  to  assume 
that  similar  phenomena,  sometimes  on  a  much  greater  scale,  would  be 
presented  by  other  stars,  were  they  not  at  so  great  a  distan<*e  from  the 
earth  as  to  reduce  them  to  mere  points  of  light,  even  in  the  most  power- 
ful telescope.  The  sun  has  a  diameter  of  860,000  miles  and,  as  its  dis- 
tance from  the  earth  is  only  93,000,000  miles,  an  extremely  small  frac- 
tion of  the  distance  of  the  other  stars,  it  is  possible  to  observe  and  to 
study  in  detail  its  extraordinary  phenomena,  which  are  incompai"ably 
more  violent  than  anything  observed  on  the  earth.  When  we  speak  of 
the  sun  we  speak  collectively  of  a  great  number  of  phenomena,  some 
of  which  extend  for  millions  of  miles  from  the  sun's  visible  disk.  Chief 
of  these  is  the  corona,  a  vast  filmy  atmosphere  so  rare  that  it  offers 
little  or  no  resistance  to  the  passage  of  a  comet,  as  it  sweeps  around  the 
sun  under  the  action  of  gravitation  and  returns  into  the  space  from 
which  it  came.  The  polar  streamers  of  the  corona  (PL  VIII,  fig.  2)  sug- 
gests the  action  of  magnetic  forces  and  offer  material  for  long  continued 
study  of  this,  the  most  mysterious  of  all  the  solar  appendages.  At  the 
base  of  the  corona,  rising  out  of  a  sea  of  flame  which  completeh' 
encircles  the  sun,  are  the  prominences,  some  of  which  occasionally 
attain  a  height  of  nearly  400,000  miles.  Like  the  corona,  the  promi- 
nences are  hidden  by  the  brilliant  illumination  of  our  own  atmosphere. 


—Cloud-like  Prominences  Photographed  at  the  Eclipse  of  May  28, 1900. 

«iilherlKhlof  Ihlspitturu  la  due  !o  .1 


Fig.  2.— Eruptive  Prominence  Photographed  in  Full  Sunlight  at  the  Kenwood 
OasERVATORv,  Chicaoo,  March  26,  1895. 

a.  Al  10  b.  <0  m.  (height,  162.000  inile«);  ft.  at  10  h.  S8  m.  (heighl,  'ai.OOO  mlieal.    FlgB.  1  and  2 
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and  are  visible  to  the  naked  eye  only  when  the  direct  light  of  the  sun's 
disk  Ls  cat  off  by  the  interposition  of  the  moon  at  a  total  eclipse.  But 
methods  have  been  devised  by  which  they  can  be  observed  or  photo- 
graphed on  any  clear  day  through  the  agency  of  a  modified  form  of 
spectroscope.  The  prominences  are  constantly  changing  in  form, 
sometimes  slowly,  as  in  the  case  of  this  group  (PL  IX,  fig.  1),  a  photo- 
graph of  which,  taken  at  the  eclipse  of  May  28, 1900,  by  the  astronomer 
royal  of  England  in  Spain,  is  shown  for  comparison  with  the  photo- 
graph taken  about  two  hours  earlier  by  the  Yerkes  Observatory  party 
in  North  Carolina.  Here  the  change  in  the  foim  of  the  mass  of  g^ 
which  constitutes  the  prominence  is  comparatively  small,  but  that 
violent  forces  are  sometimes  at  work  may  be  illustrated  by  photographs 
of  an  eruptive  prominence  taken  at  the  Kenwood  Observatory  in  1895 
(PI.  IX,  fig.  2).  At  the  moment  when  the  first  photograph  was  made 
the  prominence  had  attained  a  height  of  160,000  miles  and  was  rising 
rapidly.  Eighteen  minutes  later  another  picture  was  taken;  during 
the  interval  the  prominence  had  been  going  upward  at  the  rate  of  6,000 
miles  a  minute,  and  when  the  exposure  was  made  it  had  reached  an 
elevation  of  280,000  miles.  When  looked  for  a  few  minutes  later  it 
had  completely  disappeared. 

The  constitution  of  the  chromosphere,  the  sea  of  flame  some  10,000 
miles  deep  from  which  the  prominences  rise,  increases  in  complexity 
as  the  surface  of  the  solar  disk  is  approached.  In  its  upper  part  only 
the  vapor  of  calcium  and  the  light  gases,  hydrogen  and  helium,  are 
found.  Butin  proceeding  downward  the  vapors  of  magnesium,  sodium, 
iron,  chromium,  and  last  of  all,  carbon,  are  successively  encountered. 
At  this  part  of  the  solar  atmosphere  the  dark  lines  of  the  solar  spectrum 
take  their  rise  through  the  effect  of  absorption. 

Time  does  not  permit  a  detailed  description  of  the  phenomena  of  the 
sun's  disk.  When  photographed  with  an  instrument  which  excludes 
from  the  sensitive  plate  all  light  except  that  which  is  characteristic  of 
the  vapor  of  calcium,  its  surface  is  found  to  be  dotted  over  with  exten- 
sive luminous  regions.  Associated  with  these  are  the  sun  spots,  the 
minute  study  of  which  has  revealed  some  strikingl}'^  beautiful  phenom- 
ena, which  have  been  most  successfully  drawn  by  Langley.  The 
surface  of  the  sun  in  the  regions  devoid  of  spots  is  shown  by  the  pho- 
tographs of  Janssen  to  consist  of  brilliant  granules  separated  by  darker 
spaces.  Much  might  be  said  of  the  peculiar  law  of  rotation  of  the 
sun,  which  causes  a  point  near  the  equator  to  complete  an  axial  rota- 
tion in  much  less  time  than  a  point  nearer  the  poles.  Much  might 
also  be  said  of  the  periodicity  of  sun  spots,  which  at  times  are  very 
numerous  and  again,  as  at  present,  are  absent  from  the  sun's  disk  for 
weeks  together.  But  enough  has  already  been  told  to  indicate  some 
of  the  chief  characteristics  of  this  central  star  of  the  solar  system, 
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which  has  thousands  of  counterparts  among  other  stars  of  the  same 
specti'al  class. 

We  are  now  approaching  the  last  chapters  in  the  life  history  of  a 
star.  After  the  solar  stage  has  passed  the  color  changes  from  ^^ellow 
to  orange,  and  subsequently  to  red,  as  the  temperature  falls.  Tlie 
spectral  lines  of  hydrogen  become  fainter  and  fainter  and  finally  dis- 
appear completely.  The  lines  of  the  metallic  elements,  on  the  con- 
trar}^  become  more  and  more  CQmplex  and  the  changes  in  their 
relative  intensities  are  those  which  are  chai^acteristic  of  lower  temper- 
atures. But  curiously  enough,  there  are  two  well-defined  classes  of 
these  older  stars,  which  until  recently  were  not  known  to  have  any 
points  in  common  except  their  red  color.  These  are  the  stars  of 
Secchi's  third  and  fourth  types.  In  general  appearance  their  specti-a 
are  wholh  unlike,  particularly  on  account  of  the  absence  from  third- 
class  spectra  of  the  ))road  dark  bands  due  to  the  absorption  of  carlK>n 
vapor,  the  most  characteristic  feature  of  the  fourth  type.  But  in 
spite  of  this  apparent  dissimilarity,  photographs  recentl}*  taken  with 
the  40-inch  Yca'kes  telescope  show  that  in  certain  regions  of  the  spec- 
trum stars  of  tlie  two  types  are  i)ractically  identical  and  are  thus 
probably  more  closely  related  than  formerly  appeared  to-be  the  case. 
The  measurements  and  reductions  of  a  long  s(M-ies  of  photographs  of 
fourth-type  spectra  now  in  progress  at  the  Yerkes  Observatory  should 
soon  permit  us  to  form  an  opinion  of  the  nature  of  these  interesting 
stars. 

In  both  the  third  and  fourth  t>  pes  it  is  eavsy  to  trace  the  successive 
stages  of  development.  In  stars  of  the  fourth  type  the  signs  of  increas- 
ing age  are  particularl}^  striking.  The  carbon  vapor  which  produces 
the  broad  dark  bands  becomes  denser  and  denser,  until  it  is  not  diffi- 
cult to  imagine  that  through  the  further  increase  of  sach  absorption 
the  light  of  the  star  might  be  almost  completely  extinguished  (PI.  X). 

The  phenoinena  of  the  red  stars  indicate  that  this  final  stage  is  close 
at  hand,  and  curiously  enough,  in  further  testimony  of  the  remarkable 
power  of  the  spectroscope,  the  total  extinction  of  a  star's  light  does 
not  always  prove  suflScient  to  place  that  star  beyond  the  reach  of  this 
instrument.  It  is  true  that  the  spectroscope  can  not  reveal  the  chemical 
composition  of  a  solid  body  which  is  devoid  of  intrinsic  light,  but  such 
a  body  may  form  a  system  with  another  object  which  is  still  luminous, 
and  its  gravitational  power  may  cause  the  luminous  body  to  move  in 
an  orbit.  As  we  have  already  seen,  the  spectroscope  is  capable  of 
revealing  the  motions  of  such  a  body.  From  a  knowledge  of  these 
motions  and  the  time  in  which  the  revolution  is  effected  it  is  possible 
to  determine  the  mass  and  dimensions  of  the  system,  and  in  some  spe- 
cial ca?»es,  like  that  of  Algol,  the  diameter  and  densit}^  of  the  invisible 
component  of  the  pair. 
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We  must  look  to  the  solar  system  for  examples  of  stars  in  the  last 
stage  of  development.  Each  of  the  planets  may,  in  fact,  be  regarded 
as  an  object  of  this  kind.  The  bare  and  rocky  surface  of  the  moon 
aflfords  a  desolate  picture  of  what  may  result  from  this  long-continued 
process  of  condensation.  The  volcanic  region,  which  is  shown  to 
excellent  advantage  in  a'  photograph  recently  taken  with  the  Yerkes 
telescope  (PL  XI),  gives  no  evidence  of  the  existence  of  life;  in  fact, 
the  spectroscope  indicates  that  if  there  is  any  air  on  the  moon  it  is 
much  too  i*are  to  support  life  as  we  know  it. 

Fortunately,  the  moon  is  not  the  only  example  of  a  worn-out  star. 
The  eailh,  which  probably  has  many  counterparts  in  the  universe,  is 
another  example  of  a  less  desolate  kind.  Here,  though  the  process 
of  condensation  which  is  the  chief  cause  of  celestial  phenomena  has 
ceased,  the  problem  of  evolution  has  not  ended.  In  fact,  though  the 
cosmical  problems  which  we  have  considered  in  their  barest  elements 
will  not  be  completely  solved  for  centuries,  it  may  be  truly  said  that 
the  questions  raised  by  the  countless  living  organisms  in  a  single  drop 
of  ditch  water  are  still  more  complex  and  will  require  a  still  longer 
time  for  their  solution. 
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It  is  a  remarkable  fact  that  in  the  numerous  theories  which  have 
been  propounded  in  explanation  of  the  periodic  changes  of  the  solar 
phenomena  no  account  has  yet  been  taken  of  so  important  an  element 
as  the  light  and  heat  absorbing  envelope  surrounding  the  photosphere. 
The  attention  which  this  so-called  solar  atmosphere  has  hitherto 
received,  on  the  part  even  of  our  most  eminent  investigators,  in  con- 
nection with  the  economy  of  mdiant  energy'  on  our  luminary,  is  utterl}^ 
disproportionate  to  the  importance  of  the  subject.  In  spite  of  the  fact, 
which  was  first  accurately  established  by  Langley's  observations  and 
was  afterwards  confirmed  by  others,  that  the  sun,  if  deprived  suddenly 
of  this  protecting  screen  would  radiate  into  space  as  much  as  double 
its  present  amount  of  energy,  solar  physicists  failed  to  perceive  that 
changes  in.the  absorptive  power  of  this  envelope  must  entail  conse- 
quences of  the  most  far-reaching  character  with  respect  to  the  thermal 
conditions  on  and  in  the  sun.  That  such  changes — and  these,  too,  of 
no  inconsidei'able  magnitude — must  inevitably  occur,  is  a  conclusion 
which  it  is  hardly  possible  to  evade  when  it  is  rememl)ered  that  the 
supreme  control  over  the  dispensation  of  solar  energ\^  depends  entirely 
on  a  thin,  shallow  8urfac»<e  layer,  the  matter  of  which  is  constantly 
tossed  about  by  vehement  eruptions  and  acted  upon  b}^  a  most  com- 
plicated and  powerful  system  of  convection  currents  to  and  from  the 
sun's  center. 

The  possibility  of  variations  of  the  opacity  of  the  solar  atmosphere 
was,  it  is  true,  strongly  urged,  more  than  twenty  3'ears  ago,  by  one 
of  the  greatest  authorities  on  this  question.  Shortly  after  his  well- 
known  researches  into  the  absorbing  faculty  of  the  solar  envelope, 
Langley  pointed  out  the  decisive  influence  on  the  sun's  radiation  into 
space  caused  by  changes  in  the  transmissive  power  of  its  atmosphere. 

«  Reprinted,  with  additionB  by  the  author,  from  Nature,  No.  1685,  vol.  65,  February 

13,  19()2. 

^  Abstract  of  a  paper  in  Astr.  Nachr.  ( No.  3723, 3724) :  *  'Ueber  eine  neue  Theorie  zur 

Erklarung  der  Periodicitat  der  solaren  Erscheinungen." 
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But  his  attention  was  at  the  time  solely  directed  toward  their  proba- 
ble effects  on  the  temperature  of  our  own  planet.  He  found  that  an 
increase  of  absorption  by  as  much  as  25  per  cent  would  diminish  the 
mean  surface  temperature  of  our  globe  by  100^  F.,  while  a  like 
diminution  in  the  solar  envelope  would  produce  a  correspondintr 
change  in  the  opposite  direction. 

Now,  if  the  influence  of  a  change  in  the  absorptive  power  of  the 
solar  atmosphere  is  so  enormous  on  a  planet  at  a  distance  of  ahnost  a 
hundred  million  of  miles,  of  what  inconceivable  importance  must  it 
not  be  for  the  sun  itself?  Drawing  the  very  natural  inference  that  a 
deficit  of  outside  radiation  means  a  surplus  of  energies  working  upon 
the  solar  matter,  and  vice  versa,  we  are  forcibly  led  to  conclude  that 
even  slight  changes  of  opacity,  such  as  would  elude  our  must  refined 
observations,  are  bound  to  greatly  influence  the  state  of  thermal  equi- 
librium on  our  luminary. 

Hence,  if  changes  in  the  absorptive  power  of  the  sun's  atmosphere 
exist,  as  can  not  but  be  the  case,  the  question  presents  itself:  What 
happens  with  those  energies  which,  by  a  condensation  of  the  solar 
envelope,  are  prevented  from  escaping  into  space?  No  doubt  they 
are  preserved  to  the  sun,  but  in  what  form?  Do  they  raise  the  tem- 
perature of  the  solar  mass,  or  augment  its  store  of  potential  energy, 
or  have  they  a  share  in  the  generation  of  those  marvelous  dynamical 
displays  which  we  perceive  in  periodic  succession  on  the  solar  surface  i 
Questions  such  as  these  must  tend  to  convince  the  investigator  that  a 
research  into  the  causes  of  the  variability  of  the  forces  wjiich  we  see 
acting  on  the  sun,  if  not  identical  with,  is  at  least  closely  akin  to,  the 
investigation  of  the  origin  and  the  physical  properties  of  the  sun's 
atmosphere.  1  shall  endeavor  in  these  columns  to  demonstrate  the 
possibility  of  such  changes  in  the  density  of  the  solar  envelope  as 
would  lead  to  alterations  of  the  thermal  conditions  of  the  sun's  mass, 
and  shall  make  an  attempt  to  answer  the  question  as  to  how  far  these 
changes  must  be  conducive  to  variations  in  the  dynamical  phenomena 
at  the  sun's  surface. 

There  is  perfect  unanimity  among  astronomers  as  regards  the 
nature  of  the  force  which,  by  a  continuous  generation  of  heat,  com- 
pensates for  the  loss  of  energy  into  space.  Helmholtz's  theory,  which 
attributes  this  heat  generation  to  the  progressive  contraction  of  the 
solar  mass  as  a  consequence  of  gravitation,  ma}^  be  regarded  as  one  of 
the  most  probable  hypotheses  ever  propounded  in  the  history  of 
physical  science.  But  this  theory  does  not  yet  enable  us  to  form  an 
idea  of  the  evolution  of  a  celestial  body.  It  explains  the  existence  of 
a  heat-generating  force  within  the  star's  bulk,  but  it  gives  no  answer 
to  the  question  as  to  whether  the  loss  of  energy  by  radiation  is  exactly 
compensated  for  by  the  generation  of  energy  through  contraction,  or 
whether  the  conditions  of  contraction  peculiar  to  the  sun  may  not 
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perhaps  produce  more  or  less  heat  than  is  required  for  compensation. 
It  is,  indeed,  inconceivable  that  the  conditions  of  contraction  can 
remain  the  same  throughout  the  lifetime  of  a  star.  The  spectroscope 
has  revealed  the  fact  that  the  photospheres  of  different  stars  exhibit 
widely  different  stages  as  regards  temperature.  There  are  doubtless 
suns  hotter  than  ours,  and  others  considerably  cooler.  And  we  may 
confidently  assume  that  the  various  conditions  of  temperature  now 
recognized  in  the  different  t5'^pes  of  star-spectra  represent  the  phases 
which  successively  appear  in  the  evolution  of  each  of  these  bodies  from 
its  origin  as  a  far-extended  nebula  down  to  its  complete  obscuration. 
In  the  life  of  each  of  these  stars  there  will  be  a  period  when  its  tem- 
perature is  on  the  ascent,  and  when,  consequently,  the  heat-generating 
effect  of  the  contractile  force  exceeds  the  loss  by  outward  mdiation, 
as  well  as  another  period  when  the  declining  temperature  of  the  star 
indicates  an  excess  of  the  heat-dissipating  over  the  heat-producing 
forces.  Which  of  these  conditions,  at  the  present  moment,  prevails 
on  our  sun  can  so  far  be  only  a  matter  of  conjecture.  In  this  respect, 
therefore,  an  assumption  has  to  be  made.  The  following  inquiry 
applies  to  the  case  of  a  star  on  which  the  generation  of  energy  by  con- 
traction falls  short  of  the  loss  of  energy  by  radiation.  Whether  the 
results  of  this  investigation  may  be  applied  to  the  case  of  our  sun 
must,  then,  depend  on  the  further  question  whether  the  sun  really 
belongs  to  those  stars  the  temperature  of  which  is  declining.  So  far 
as  I  know,  this  latter  opinion  is  at  present  held  by  the  great  majority 
of  astrophysicists. 

If  on  a  star  the  loss  of  energy  exceeds  the  production,  the  kinetic 
energy  of  its  molecules,  and  consequently  its  absolute  temperature, 
must  decrease.  Hence  if  the  temperature  of  a  layer,  r/„,  at  a  certain 
distance,  >o„,  from  the  center  was  T^  at  the  epoch  t^^  it  will  be  T^  at  a 
later  epoch  t^^  where  T3<Ti.  Now  let  a^  be  the  level  of  the  photo- 
sphere— or  the  level  of  maximum  incandescence,  and  therefore  also 
of  maximum  radiation — at  the  epoch  t^.  In  consequence  of  deficient 
contraction  the  temperature  of  this  layer  must  decrease,  and  the  mate- 
rials composing  it  must  cool  down,  so  that,  at  the  subsequent  .epoch 
^j,  the  level  of  maximum  incandescence  will  have  shifted  toward  a 
layer  a^^  nearer  to  the  star's  center,  where  the  temperature  is  still 
sufficiently  high  to  maintain  the  incandescent  state  of  all  the  particles. 
The  space  between  cij^  and  a^  will  then  be  occupied  by  particles  in  a 
less  luminous  state  which  act  as  an  absorbing  screen  on  the  radiation 
emanating  from  a^.  Whatever  fraction  of  the  total  mdiation  which 
originally  left  the  photosphere  at  a^  is  thus  stopped  in  its  outward 
progress  will  be  in  part  absorbed  by,  and  in  part  reflected  from,  the 
intervening  particles  of  the  layer  a^a^^  and  there  can  be  no  doubt  that 
some  at  least  of  this  arrested  energy  will  ultimately  be  thrown  back 
to  flj  from  which  it  started.     The  layer  a^a^  must  therefore  act  on  the 
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photospheric  radiation  in  the  same  way  jis  do  our  atmosphere  and  its 
clouds  on  the  radiation  from  the  soil.  We  are  quite  familiar  with  the 
fact  that  clear  nights  are,  as  a  rule,  cooler  than  cloudy  ones,  and  we 
explain  this  phenomenon  by  the  assumption  that  on  clear  nights  radia- 
tion from  the  soil  into  space  goes  on  more  freely  than  when  clouds 
offer  an  effective  impediment  to  the  dissipation  of  radiant  energy. 

We  conclude,  then,  that  the  progressive  cooling  of  the  star  leads  to 
the  formation  of  an  absorbing  envelope  above  its  photosphere,  by 
which  the  disproportion  between  the  generation  and  loss  of  energy  is 
reduced.  But  if,  under  the  conditions  at  the  epoch  t^^  the  amount  of 
energy  actually  radiated  into  space  still  exceeds  what  is  produced  by 
conti-action,  the  photosphere  will  move  to  rtr,,  still  nearer  to  the  centre, 
and  the  quantity  of  absorbing  matter  in  the  layer  r/^/g  will  be  further 
increased.  Now,  although  a^  emits  the  same  quantity  of  energy  as  did 
a^  and  a^  at  the  former  epochs,  the  total  amount  of  radiation  emerging 
into  space  must,  at  the  epoch  ^3,  be  less  than  it  was  at  t^  and  f^.  Thus 
the  opacity  of  the  cooled  atmosphere  gradually  increases  as  time  goes 
on,  and  the  total  radiation  of  the  star  !>ecomes  less  and  less.  Since  no 
force  is  present  to  interfere  with  the  cooling  of  the  layers  ^/j,  r/g  .  .  .  , 
a  moment  /,,  must  eventually  be  reached  at  which  the  photosphere  at 
a„^  through  reflection  from  all. the  layers  above  it,  receives  !)ack  so 
much  of  its  radiation  that  its  total  expenditure  of  energy  is  exactly 
counterbalanced  by  the  energy  contri})uted  by  the  contractile  forces. 

This  result  appears  to  be  of  eminent  importance,  for  it  shows  that 
even  on  a  star  with  deficient  contraction  the  exact  compensation  of  the 
loss  of  energy  may  still  be  possible  from  a  certain  layer  downward. 
This  state,  so  exceedingly  important  for  the  conservation  of  energy 
within  the  star,  is  brought  about  by  the  progressive  cooling  of  its 
superficial  layers,  which  thereby  increase  their  power  of  absorption, 
and  thus  offer  a  more  and  more  effective  check  to  the  radiation  from 
the  incandescent  lavers  below. 

Here,  now,  we  are  confronted  with  a  question  which  leads  us  at 
once  to  the  principal  object  of  this  inquiry:  Can  the  state  of  thermal 
equilibrium  thus  eventually  attained  by  the  layer  a„  be  permanent? 
The  answer  is  clearly  negative.  For  when  a,,  has  arrived  at  this  state, 
none  of  the  layers  a^,  a^  .  .  ,  a„_,  outside  a„  have  reached  the  same 
condition.  Their  cooling  is  bound  to  go  on,  and  consequently  their 
ability  to  absorb  and  reflect  the  heat  emanating  from  the  layers/,,  must 
still  further  increase  even  after  the  establishment  of  thermal  equili- 
brium at  a,^.  But,  owing  to  this  increasing  amount  of  reflection 
toward  it,  the  layer  a„  will  now  dissipate  even  less  energy  than  is 
recfuired  for  the  maintenance  of  thermal  equilibrium,  and  therefore 
must  become  overheated.  It  thus  comes  to  pass  that,  while  the  func- 
tion of  the  absorbing  envelope  is  that  of  reducing  as  much  tts  possible 
the  waste  of  energy  from  the  photospheric  layers,  it  is,  by  the  very 
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nature  of  this  process,  compelled  to  overdo  its  work,  and  to  preserve 
finally  too  much  energy  within  the  star. 

Now,  by  this  gradual  overheating  of  the  inner  layers  the  vertical 
temperature -gradient  must  increase  more  and  more,  until  it  reaches  a 
degree  of  steepness  at  which  the  permanence  of  a  mechanical  equilib- 
rium becomes  impossible.  In  such  a  case  the  overheated  gaseous 
matter  will  force  its  way  outward  and  will  break  through  the  "cloak" 
of  absorbing  elements  above  it.  But  the  overheated  matter  will  not  at 
once  obey  its  molecular  impulse  to  escape  into  higher  levels.  We 
must  remember  that  there  exists  a  powerful  system  of  convection  cur- 
rents between  the  interior  and  the  surface  of  the  sun,  and  that  the 
overheated  particles  may  for  some  time  be  swept  along  the  paths  of 
these  currents  and  may  thus  be  forcibly  detained  in  levels  inconsistent 
with  their  increased  temperature,  so  that  their  state  of  equilibrium  is 
rendered  unstable.  This  will  produce  a  tension  which  increases  in 
course  of  time  until  the  upward  tendency  of  the  overheated  particles 
be<^omes  strong  enough  to  overcome  the  resistance  of  the  currents. 
At  such  a  critical  moment  even  a  slight  disturbance  will  be  suflScient 
to  induce  the  upward  motion  so  long  restrained,  thus  giving  rise  to  a 
solar  eruption.  The  cause  of  a  solar  outburst  is  therefore  to, be  found 
in  the  temporary  existence  of  an  excessively  great  vertical  tempera- 
ture-gradient caused  by  progressive  cooling  of  the  outer  atmospheric 
layers  and  the  ensuing  overheating  of  the  inner  photospheric  layers. 

From  this  exceedingly  simple  principle  we  are  able  to  deduce  an 
analytical  demonstration  of  the  periodicit}'^  of  solar  phenomena,  which 
explains  all  the  characteristics  of  the  sun-spot  curve  hitherto  observed. 
Obviously,  the  problem  consists  in  demonsti'ating  the  changes  in  the 
amount  of  outward  i^adiation  which  are  caused,  on  the  one  hand,  by 
the  increase  of  absorptive  power  of  the  atmosphere  in  consequence  of 
its  progressive  cooling,  and,  on  the  other,  by  the  reduction  of  absorp- 
tive power  of  this  same  atmosphere  in  consequence  of  the  "clarifying" 
action  of  eruptions  which,  by  breaking  through  the  "veil,"  diminish 
the  number  of  cooled  absorbing  elements  at  the  localities  of  eruption. 
I  shall  not  enter  upon  this  part  of  my  investigation  in  the  present  note 
beyond  stating  that  it  is  a  simple  application  of  Bouguer-Lambert's 
formula  for  the  extinction  of  light  and  heat  in  an  absorbing  medium. 
The  energy  B  of  the  radiation  leaving  the  upper  limit  of  the  atmos- 
phere is  found  by  the  differential  equation 

where  t  denotes  the  time  reckoned  from  the  moment  when  the  photo- 
spheric  layer  a^  has  attained  its  state  of  thermal  equilibrium,  and  a 
and  /3  represent  constants,  the  former  of  which  depends  on  the  rate  of 
cooling  of  the  atmosphere,  the  latter  on  the  action  of  the  eruptions. 
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The  integral  of  this  equation  will  thus  give  us  the  changes  in  the  radiat- 
ing power  of  the  sun  toward  a  point  in  the  universe.  Considering  that 
the  intensity  of  the  dynamical  phenomena  at  the  solar  surface  must 
depend  on  the  excess  of  energy  preserved  to  the  sun  beyond  what  he 
requires  for  the  maintenance  of  thermal  equilibrium  at  a„,  we  arrive  at 
the  following  theoretical  equation  for  the  frequency  of  eruptions  and 
spots : 
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where  ^>  is  the  period  and 


It  is  readily  seen  that  r  starts  from  zero  at  the  moment  t=o^  and  that 
it  reverts  to  zero  at  the  moment  ^=^>.  Between  these  two  moments  /• 
attains  a  maximum,  and  we  find  the  time  when  this  occui's  from  the 
equation. 

Now,  it  can  be  sh6wn  that  the  right-hand  side  of  this  equation  is 
under  all  conditions  <ie^^^~^^~,  and  this  the  more  so  the  greater  the 
difference  between  A.^^  and  X./.  Hence  we  deduce  ^„4<i7>/  i.  e.,  the 
ascent  from  zero  to  the  maximum  must  take  place  in  an  interval  of 
time  shorter  than  half  the  period.  This  constitutes  the  first  theoret- 
ical proof  of  the  well-known  property  of  the  observed  spot-curve  that 
the  ascent  is  steeper  than  the  descent. 

To  give  some  idea  of  the  accuracy  with  which  the  above  theory  can 
be  made  to  represent  the  observed  facts,  I  su))join  a  plate  (fig.  1)   in 
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which  the  spot-ciu*ve,  resulting  from  theoretical  considerations,  is 
compared  with  Sporer's  curve  derived  from  observation.  A  full 
description  of  the  method  by  which  the  theoretical  curve  has  been 
obtained  will  be  given  in  a  paper  shortly  to  be  published  as  part  of 
the  first  volume  of  the  Annals  of  the  Roval  0})servatorv,  Edinburcfh. 
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The  theory  also  accounts  satisfactorily  for  the  existence  of  a  "great" 
period  of  solar  phenomena.  This  greater  cycle  is  brought  about  by 
the  influence  of  the  surface  fluctuations  of  temperature  described 
above  on  the  intensity  of  the  convection  currents  which  regulate  the 
interchange  of  heat  between  the  interior  and  the  surface.  It  is  incon- 
ceivable that  in  a  gaseous  l)ody  like  the  sun,  governed  by  a  gigantic 
convection,  changes  of  temperature  of  parts  of  its  mass  can  be  con- 
fined merel}^  to  the  surface.  Hence  we  must  conclude  that  the  distri- 
bution of  temperature  throughout  a  considerable  part  of  the  sun's 
bulk  will  be  more  or  less  aflfected  by  the  fluctuations  of  temperature 
at  the  surface,  and  that,  consequently,  the  intensit}^  of  the  system  of 
convection  currents,  which  depend  on  this  distribution  of  tempemture, 
must  undergo  variations  similar  to  those  exhibited  by  the  dynamical 
phenomena  at  the  surface.  Now  these  variations  must  react  on  the 
development  of  eruptions  and  spots.  If  the  currents  are  weak — viz, 
if  the  transfer  of  heat  from  the  interior  to  the  surface  is  comparatively 
small — the  cooling  of  the  atmosphere  must  proceed  rapidly,  and  hence 
the  development  of  eruptions,  which  are  a  direct  consequence  of  this 
process  of  cooling,  must  be  energetic.  At  such  times  we  have,  there- 
fore, to  expect  solar  cycles  with  a  powerful  display  of  dynamical  phe- 
nomena. If,  on  the  other  hand,  the  currents  are  intense — viz,  if  the 
heat  supply  from  the  interior  is  vigorous — the  rate  of  atmospheric 
cooling  will  be  small,  and  we  have  then  to  expect  cycles  with  only  a 
weak  development  of  surface  phenomena. 

Since  the  quantity  a  depends  on  the  rate  of  cooling  of  the  atmos- 
pheric layers,  it  will  attain  high  values  at  times  when  the  spot  develop- 
ment is  powerful,  and  vice  versa.  Now,  the  greater  a  the  greater  will 
be  the  difference  between  A.^*  and  A.^*,  and,  consequently,  the  earlier 
must  the  time  of  maximum,  ^^,  occur.  Hence  the  position  of  the  max- 
imum m  the  spot  period  relatively  to  the  preceding  minimum  must 
depend  on  the  greater  or  less  vigor  of  spot  development  during  the 
cycle,  inasmuch  as  the  time  of  maximum  must  be  the  more  in  advance 
of  the  center  of  the  period  the  greater  the  display  of  the  dynamical 
phenomena.  This  important  conclusion,  arrived  at  by  purely  theoret- 
ical considerations,  is  amply  corroborated  by  the  facts.  I  refer  in 
this  respect  to  a  recent  publication  of  Dr.  W.  Lockyer,  in  which  this 
peculiar  shift  of  the  maximum  is  pointed  out  as  a  feature  of  the 
observed  spot  curv^es. 

Professor  Wolfer,  of  Zurich,  in  the  Monthly  Weather  Review  of 
April,  1902,  has  also  verified  this  peculiar  theoretical  result  by  a 
thorough  discussion  of  the  sun-spot  observations  from  1749  to  1901. 
''Only  one  result,"  he  says,  ''which  Dr.  Lockyer  has  brought  out  is 
certain,  and  one  which  was  also  demonstrated  by  Dr.  Halm,  both  from 
the  observed  facts  and  as  a  consequence  of  his  new  theory  of  the 
periodicity  of  the  solar  phenomena,  namely,    *    *    *    that  a  maximum 
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foUowH  a  minimum  quicker  in  proportion  as  the  maximum  is  higher. 
*  *  *  That  the  interval  between  minima  and  maxima  ilepends  inti- 
mately upon  the  intensity  of  development  of  the  spot?  during  that 
period  would  seem,  therefore,  to  be  quite  4*ertain,  according  to  Lock- 
yer  s  and  Halm's  investigations/' 

In  this  connection  another  interesting  conse^^uence  of  the  theory 
may  be  mentioned.  The  above  expression  for  /\  as  already  pointed 
out,  shows  thjit  the  theoretical  spot-curve,  after  having  passed 
through  a  maximum,  returns  to  zero  when  f—p:  At  this  moment  the 
status  quo  ante  appears  to  be  reestablished,  inasmuch  as  the  photo- 
spheric  layers,  by  the  assistance  of  atmospheric  reflection,  once  more 
re(»eive  an  exact  compensation  for  their  lass  of  energy  sustained  by 
outward  radiation.  If  the  opacity  of  the  absorption  layers  above  the 
photosphere  could  henceforth  be  supposed  to  remain  constant,  a  repe- 
tition of  spot-a<!tivity  would  be  impossible.  But  since  the  cooling  of 
these  absorptive  layers.  })eing  the  necessary  consequence  of  deficient 
contraction,  is  bound  to  proceed,  it  must  eventually  lead  to  a  new 
secjuence  of  phenomena  similar  to  those  of  the  previous  cycle.  The 
princi[)ai  condition  for  the  initiation  of  a  new  spot  cycle  must  there-' 
fore  b<^  sought  in  the  rate  of  cooling  of  the  outer  atmosphere  at  the 
moment  of  the  reestablishment  of  thermal  equilibrium  in  the  photo- 
spheric  layers.  If  the  cooling  proceeds  rapidly  the  overheating  of  the 
inner  layers  will  }>e  indicated  by  a  comparatively  early  renascence  of 
eruptive  activity.  If,  on  the  contrary,  the  cooling  progresses  slowly 
a  more  considerable  interval  of  time  will  elapse  l>efore  the  state  of 
unstable  ecjuilibrium  favorable  to  the  formation  of  new  eruptions 
and  siK>ts  can  make  its  appearance.  In  the  first  c*ase  the  minimum 
will  l)e  of  short  duration  and  the  cycles  will  follow  each  other  in  rapid 
ftuc^;ession,  whereas  in  the  second  case  the  minimum  will  appear  pro- 
tracted and  the  distance  between  consecutive  cycles  lengthened.  In 
other  words,  the  length  of  the  period  must  depend  on  the  rate  of  cool- 
ing of  the  atmospheric  layers.  Hence,  from  what  has  been  said  above, 
it  must  also  vary  with  the  intensity  of  spot  development.  Cycles 
exhibiting  excessive  spot  activity  must  have  less  extended  minima 
and  must  therefore  l)e  of  shorter  duration  than  others  distinguished 
by  a  feeble  display  of  dynamical  activity.  This  consequence  of  the 
theory,  too,  appears  to  be  confimied  by  the  obser\'ations.  Thus  the 
mean  length  of  pt»riod  of  the  cycles  17»)6.5 — 1775.5 — 1784. 7  and  1883.9 — 
lH|;i.5,  during  which  the  display  of  spots  was  far  above  the  average, 
embraces  not  more  than  9.3  yeai-s,  while  the  feebly  developed  cycles 
17H4.7  -1798.3 — 1810.6  show  a  mean  period  of  no  less  than  13.0  yeai-s. 

The  object  of  this  brief  abstract  l)eing  merely  an  exposition  of  the 
main  principles  upon  which  I  have  ventured  to  biuld  a  new  solar 
theory,  I  shall  not  entt»r  upon  its  various  applications  to  the  phenomena 
conn(>ct(*d  with  the  pt^riodic  changes  in  the  displa}'  of  forces  at  the 
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sun's  surface.  In  this  respect  the  theory  will  be  submitted  to  an 
exhaustive  test  in  my  paper  in  the  Annals.  In  one  important  point  it 
involves  a  radical  deviation  from  the  views  hitherto  held.  So  far 
investigators  have  almost  unanimously  adhered  to  the  traditional  view 
that  an  increase  in  the  dvnamical  forces  at  the  sun's  surface  indicates 
at  the  same  time  an  augmentation  of  his  light  and  heat  radiation  into 
the  universe.  A  theory  founded  on  this  assumption  would  have  to 
account  not  only  for  the  extra  expenditure  of  force  into  space,  but 
also  for  the  simultaneous  increased  development  of  force  in  the  sun. 
But  in  the  theory  here  proposed  the  exactly  opposite  conclusion  is 
arrived  at.  Here  the  forces  which  we  see  acting  on  the  sun  are  called 
into  existence  by  the  accumulation  of  such  parts  of  his  radiating  energy 
as  have  been  prevented  from  being  thrown  off  into  the  universe.  Thus, 
a  surplus  of  energy  working  on  the  sun  means  a  deficit  of  energy  com- 
municated to  space. 

It  will  be  important,  then,  to  ascertain  how  far  this  conclusion  can 
be  verified  by  observed  facts.     Modern  researches  seem,  indeed,  to 

DevyUwns  of  cAe  Mean,  An/iuaC  Tenyo^rcuUire  from  C/ve  NormxU, 


U     '^^      a>     l^'^    A  .^o 

\wt6cai  Mean  Tb/tifieradcre^  of  BixjioaArmtM  ami 


/n^ercecL  Curyes  ofStuispoCs  (Wotr). 


corroborate  this  theoretical  result.  If  the  theory  be  true,  the  tem- 
perature of  the  solar  layers  inside  the  absorbing  atmosphere  should  be 
higher  at  the  maxima  than  at  the  minima  of  solar  activity,  while  the 
temperature  of  a  body  in  space,  which  receives  its  heat  from  the  sun, 
should  vary  inversely.  In  proof  of  the  first  conclusion  I  may  refer  to 
Sir  Norman  Lockyer's  results  with  regard  to  the  behavior  of  the  lines 
widened  in  the  spectra  of  sun  spots,  from  which. he  infers  that  the 
matter  composing  the  spots  must  be  of  higher  temperature  at  the 
times  of  maxima.  The  second  conclusion,  on  the  other  hand,  is  cor- 
roV>orated  by  all  the  more  important  researches  which  have  recently 
been  made  regarding  a  connection  between  the  changes  of  terrestrial 
temperature  and  solar  activity.  Of  some  of  these  I  subjoin  the  main 
results  in  figure  2,  which  exhibits  the  observed  changes  in  the  mean 
annual  temperature  at  tropical  and  subtropical  stations  and  the  corre- 
sponding variations  of  solar  activity.  It  will  be  seen  that  for  the  whole 
period  from  1821  until  1898  the  temperature  curve  follows  mast  accu- 
rately the  fluctuations  of  the  inverted  spot  curve,  thus  so  far  proving 
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the  validity  of  the  second  conclusion,  that  space  receives  less  heat  at 
the  maxima  that  at  the  minima  of  solar  activity. 

The  solar  theory  here  adv^anced  is  based  on  the  assumption  that  the 
sun  is  a  "cooling"  star,  viz,  that  his  contractile  force  is  not  suflScient 
to  compensate  for  his  loss  of  energy  by  radiation.  Now  strong  reasons 
can  be  adduced  in  favor  of  the  assertion  that  the  sun's  mass  must  be 
mainly  gaseous.  But  it  has  been  urged  by  astronomers  whose  opinion 
on  this  point  may  claim  earnest  consideration,  that,  in  accordance  with 
a  well-known  theorem  first  enunciated  by  Lane,  the  tempei*ature  of  a 
gaseous  body  should  rise  through  shrinkage.  The  assumption  here 
advocated  would  therefore  appear  to  be  in  opposition  to  Lane's  law. 
It  must  be  borne  in  mind,  however,  that  Lane's  theorem  supposes  the 
conditions  of  a  perfect  gas.  The  question  then  arises  as  to  whether 
this  perfect  state  can  be  assumed  to  exist  in  the  gaseous  Imlk  of  the 
celestial  bodies.  To  make  the  question  clearl}^  intelligible,  I  shall  first 
have  to  point  out  the  main  difference  between  the  so-called  perfect 
gaseous  state  and  the  gaseous  state  as  we  actually  observe  it.  On  this 
point  1  quote  a  few  passages  from  Professor  Andrews's  important 
treatise  in  the  Philosophical  Transactions  for  1876,  Part  II,  pages 
W8-449: 

1.  In  the  ideal,  or,  as  it  is  commonly  called,  the  perfect  gaseous  state  matter  would 
obey  implicitly  the  external  forces  which  act  upon  it,  the  volume  being  always 
inversely  as  the  forces  externally  applied.  In  this  state  it  would  neither  offer  resist- 
ance to  volume  ^  nor,  from  the  action  of  internal  attractive  forces,  would  it  imdei^go 
a  greater  diminution  of  volume  than  that  due  to  the  external  pressure. 

2.  In  the  gaseous  state,  as  we  observe  it,  there  are  two  distinct  causes  of  internal 
disturbance  whose  results  are  directly  opposed,  and,  according  to  the  nature  of  the 
gas  and  the  conditions  of  pressure  and  temperature,  sometimes  the  one  and  some- 
times the  other  predominates.  One  of  these  disturbances  is  due  to  the  action  of 
internal  forces  tending  to  produce  a  diminution  of  volume;  the  other  is  due  to 
molecular  conditions  producing  a  resistance  to  diminution  of  volume  other  than  that 
wliich  occurs  in  a  perfect  gas. 

We  have,  then,  to  consider  three  possible  conditions:  Either  the 
gases  in  the  sun  are  in  that  ideal  state  mentioned  under  (1),  which  is 
characterized  by  the  rigorous  fulfillment  of  Boyle's  law;  or  (a)  the 
molecules  attract  each  other  and  thereby  enhance  the  diminution  of 
volume  under  increasing  pressure;  or  {h)  the  molecules  repel  e^cb 
other  and  thereby  counteract  the-  diminution  of  volume.  Now,  with 
regard  to  the  attractive  molecular  forces,  the  researches  of  Clausius, 
van  der  Waals,  and  many  other  physicists,  have  shown  conclusively 
that  they  diminish  with  increasing  temperature.  At  ordinary  tem- 
peratures all  the  gases,  except  hydrogen,  show  a  preponderance 
of  molecular  attraction.  If  the  temperature  is  raised,  the  mutual 
attractive  influence  of   the  molecules  becomes   smaller,  and  the  gas 


«By  resistance  to  change  of  volume  is  to  be  miderstood  a  resistance  from  internal 
causes  whereby  the  gas  undergoes  a  less  diminution  of  volume  un<ier  increased  preo- 
sure  than  would  occur  in  the  case  of  an  ideal  gas  oljeying  Boyle's  law. 
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approaches  a  state  in  which  atti^ai'tion  is  counterbalanced  by  repulsive 
forces  between  the  molecules.  When  this  state  is  reached  the-  gas 
would  appear  to  ol)ey  Boyle's  law,  because  the  molecular  forces,  to 
which  a  deviation  from  the  law  is  due,  neutralize  each  other.  But 
from  this  behavior  of  the  gases  at  low  temperatures  we  ma}'^  not  yet 
conclude  that  an  augmentation  of  temperature  will  more  and  more 
approach  the  gas  to  its  ideal  state  as  a  limiting  condition,  and  that 
consequently  the  incandescent  gases  in  the  sun  must  be  in  the  perfect 
condition  which  was  assumed  by  Lane  when  he  derived  his  remarkable 
law.  Such  a  conclusion  would  take  no  account  of  the  possibilit}'^  of  an 
increase  in  the  repulsive  molecular  forces  with  rising  temperature. 
That  indeed  the  perfect  state  is  not  the  final  state  at  which  the  gas 
aiTives  when  its  tempei-ature  is  raised  is  clearly  shown  in  the  case  of 
hydrogen. 

The  researches  of  Wroblewski  have  demonstrated  that  at  ver}^  low 
temperatures  hydrogen  behaves  like  the  other  gases,  showing  a  pre- 
ponderance of  molecular  attraction.  But  already  at  0'^  Celsius  the 
gas  exhibits  the  predominating  influence  of  repulsive  forces,  which 
become  more  and  more  pronounced  when  the  temperature  rises.  In 
a  yet  unpublished  paper  I  have  investigated,  for  a  number  of  gases, 
the  behavior  of  the  molecular  forces  with  changing  temperature.  By 
a  simple  modification  of  the  equation  of  van  der  Waals  I  have  suc- 
ceeded in  representing  the  isothermal  curves  of  these  gases  up  to  the 
highest  pressures  hitherto  attainable  (3,000  atm.).  The  new  equation 
of  state,  which  is  in  accordance  with  Clausius's  equation  of  the  virial, 
enables  us  to  study  the  influence  of  temperature  on  the  attractive  and 
repulsive  molecular  forces.  In  all  cases  the  attractive  forces  have 
been  found  to  diminish  with  increasing  temperature,  a  result  in 
accordance  with  the  outcome  of  the  researches  of  Clausius  and  van 
der  Waals.  But  the  repulsive  forces,  or  to  use  Andrews's  expression: 
*'The  forces  which  tend  to  produce  a  resistance  to  diminution  of  vol- 
ume," appear  to  increase  very  rapidly  when  the  temperature  is  raised. 
The  investigation  leads  to  the  conclusion  that  at  the  temperature  of 
the  sun  the  preponderance  of  repulsive  forces  between  the  molecules 
of  the  gases  must  be  very  considerable.  But  it  can  be  shown  that 
under  such  conditions  Lane's  law  loses  its  validity,  so  that  a  celestial 
body,  although  gaseous,  ma}^  shrink  under  loss  of  tempemture.  This 
would  remove  an  objection  to  the  solar  theory  here  advanced,  which 
otherwise  might  be  urged  on  the  ground  of  its  being  in  opposition  to 
a  theorem  held  by  many  to  constitute  one  of  the  fundamental  laws  in 
the  evolution  of  stars. 

An  objection  may  also  be  mised  against  the  assumption  that  solar 
eruptions  are  real  outbursts  of  matter  into  the  higher  regions  of  the 
solar  atmosphere.  To  many  astrophysicists  it  appears  difficult  to 
account  for  the  enormous  velocities  exhibited  by  these  phenomena  on 
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the  assumption  of  their  representing  real  displacement  of  matter.  It 
has  been  urged  that  the  speed  with  which  matter  can  be  thrown  up 
can  not  exceed  the  velocity  of  sound,  but  that  the  maximum  speed 
which  can  be  reasonably  assigned  to  the  propagation  of  sound  in  the 
incandescent  gases  at  the  sun's  surface  falls  considerably  short  of  the 
velocities  observed  in  solar  prominences.  Here,  however,  we  must 
again  bear  in  mind  that  the  computed  velocities  of  sound  which  have 
been  used  as  an  argument  against  the  eruption  theorj'  are  based 
entirely  on  Bo^de's  law.  If  repulsive  molecular  forces  are  taken  into 
consideration,  the  velocity  of  sound  appears  to  be  greater  than  in  the 
case  of  a  perfect  gas.  In  fact,  it  is  then  no  longer  possible  to  assign 
an  upper  limit  to  the  velocity  of  the  sound  wave,  and  hence  this  argu- 
ment against  the  reality  of  the  displacement  of  matter  in  solar  erup- 
tions loses  its  force. 

As  I  shall  demonsti'ate  in  my  paper,  a  careful  investigation  of  the 
behavior  of  gases  at  such  temperatures  as  we  may  obtain  in  our  lab- 
oratories, points  conclusively  to  the  fact  that  at  solar  temperatures 
gaseous  matter  must  be  far  from  the  ideal  state  to  which  Boyle's  law 
refers.  Many  of  our  views,  hitherto  based  on  this  law,  may  have  to 
be  altered,  but  the  changed  aspect  only  removes  serious  difficulties 
without  introducing  others.  I  have  found  it  advisable  to  add  these 
few  remarks  on  the  state  of  gaseous  matter  in  the  sun  to  the  original 
text  of  my  investigation,  as  printed  in  Nature,  February  13,  1902,  in 
order  to  show  briefly  that  the  assumption  upon  which  this  solar  theory 
mainh'  depends,  viz,  that  our  sun  belongs  to  the  class  of  '^cooling" 
stars,  is  reconcilable  with  the  gaseous  constitution  of  his  mass. 


AN  EXPERIMENTAL  INVESTIGATION  OF  THE  PRESSURE 

OF  LIGHT.« 


Bv  Peter  Lebedew. 


Kepler  was  probably  the  first  (in  1619)  to  attribute  the  form  of 
comets'  tails  to  a  repulsive  force  from  the  sun,  and  to  explain  this 
ropulf^ion  as  the  result  of  the  pressure  exerted  by  the  sun's  ra3\s  on  the 
matter  in  the  tail.  The  same  phenomenon  also  led  Euler,  in  1746, 
to  ascribe  a  pressure  to  the  solar  radiation,  and  in  1754  De  Maimn 
made  the  first  attempts  to  test  these  ideas  experimentally,  but  he  did 
not  obtain  a  positive  result. 

A  dual  theoretical  basis  for  the  pressure  of  radiation  wius  independ- 
ently and  almost  sinuiltaneously  given  b}^  Maxwell  in  1873,  as  a  con- 
sequence of  the  magnetic  theory  of  light,  and  b}^  Bartoli  in  1876,  as  a 
consequence  of  the  second  law  of  thermodynamics. 

If  a  beam  of  parallel  rays  is  normally  incident  on  a  plane  surface, 
the  amount  of  the  Maxwell-Bartoli  light-pressure  jy  is  determined  if 
we  know  the  quantity  of  energy  i?  received  per  second,  the  reflecting 
power  p  of  the  surface,  and  the  velocity  v  of  light.     For  then 

where  p  varies  between  0  for  an  absolutely  black  surface  and  1  for  a 
perfectly  reflecting  surface. 

This  pressure  is  very  small;  for  solar  rays  falling  normall}'  at  the 
earth's  distance  upon  a  square  meter,  the  pressure  exerted  is  0.4  mg. 
for  a  black  surface  and  0.8  mg.  for  a  mirror. 

In  the  experimental  investigation  of  the  pressure  of  light  two  large 
sources  of  disturbance  arise,  the  one  due  to  the  well-known  radiometric 
forces  discovered  by  Crookes  and  the  other  to  convection  in  the 
residual  gas.  It  is  possible,  however,  to  diminish  these  disturbing 
forces  and  to  make  their  eflfect  on  the  observations  harmless,  if  the 
experiments  are  made  with  very  thin  metal  vanes  and  the  exhaustion 
is  carried  as  far  as  possible  by  using  a  mercury  pump  and  condensing 
the  mercur}^  vapor  by  freezing  mixtures. 

<»  Reprinted,  by  permission,  from  The  Astrophysical  Journal,  January,  1902. 
Tran.-lated  from  an  abstract  communicated  by  the  author,  of  his  extended  paper  in 
Annalen  der  Physik,  VI,  433-458,  1901. 
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Without  entering  into  the  details  of  the  experimental  arrangements, 
the  principle  of  the  method  employed  may  be  briefly  explained  as 
follows:  A  torsion  thread  hangs  in  a  highly  exhausted  bell  jar  and 
carries  a  vertical  glass  rod.  Thin  disks  of  5  mm.  diameter,  of  the 
metal  to  be  investigated,  are  attached  to  this  rod  at  a  distance  of  10  mm. 
from  its  axis.  If  the  radiation  from  an  arc  lamp  is  concentrated  on 
one  of  the  disks  the  incident  radiation  will  exert  a  pressure  upon  it, 
and  it  will  retire  until  the  pressure  due  to  radiation  is  balanced  by  the 
torsion  of  the  glass  thread;  the  angle  of  torsion  is  measured  by  a 
mirror  and  scale  as  for  a  galvanometer.  This  observation  permits  the 
determination  of  the  absolute  magnitude  of  the  pressure  (in  dynes)  if 
the  directing  force  of  the  torsion  thread  is  measured  in  absolute  units 
by  one  of  the  well-known  methods. 

In  order  to  compare  the  observed  pressures  with  those  computed, 
according  to  Maxwell  and  Bartoli,  from  the  amount  of  energy  incident 
and  the  reflecting  power  of  the  vane  used,  the  same  beam  of  light  was 
direct-ed  upon  a  circular  aperture  of  exactly  the  same  size  as  the 
vane,  and  the  rays  passing  through  were  caught  by  a  calorimeter.  If 
we  divide  the  quantity  of  energy  incident  per  second,  as  measured  by 
the  calorimeter,  by  the  velocity  of  light,  we  obtain  the  amount  of 
pressure  in  dynes  exerted  by  the  light  upon  a  perfectly  absorbing 
body,  according  to  Maxwell  and  Bartoli. 

The  measurements  which  were  made  repeatedly  and  with  different 
apparatus  yielded  accordingly  the  following  results: 


Vane  tu<ed. 


Radiation 
observed. 


Pressure 
computed. 


Black  platinum  plated 1.1 

Bright  platinum l.R 

Bright  aluminum 2. 0 

Bright  nickel 1.4 


1.0 
1.6 
l.S 
1.6 


For  such  complicated  and  difficult  measurements  a  better  agree- 
ment between  observations  and  computation  can  not  be  expected.  A 
discussion  of  the  possible  errors  of  obsen^ation  shows  that  they  arc 
considerable,  but  that  within  the  limits  of  error  the  existence  of  the 
light  pressure  of  Maxwell  and  Bartoli  are  quantitatively  confirmed. 

This  result  is  of  importance  to  astrophj'sics  as  furnishing  a  much 
simpler  explanation  of  the  repulsive  force  of  the  sun  than  the  hypo- 
thetical ones  of  electrical  charges.  A  firm  basis,  amenable  to  compu- 
tation and  assured  by  experiment,  is  thus  given  to  the  view  expressed 
by  Kepler. 

Physical.  Institute,  Mtrnx/ic^  y(/rember^  1901. 


COMETS'  TAILS,  THE  CORONA,  AND  THE  AURORA 

BOREALIS. « 


By  Prof.  John  Cox, 

McGUl  University. 


There  is  undeniable  fascination  about  a  theory  which  includes  within 
its  sweep  the  time-honored  problems  of  astronomy  connected  with 
comets'  tails  and  the  reason  why  they  point  away  from  the  sun;  the 
solar  prominences  and  the  corona;  the  source  of  the  light  by  which 
the  nebulae  shine;  the  origin  and  structure  of  meteor  swarms;  and  the 
aurora  borealis;  besides  solving  incidentally  half  a  dozen  minor  out- 
standing mysteries  of  the  heavens. 

Such  a  theory  has  been  advanced  by  Sweden's  distinguished  chemist 
and  physicist^  Svante  Arrhenius,  in  a  paper  published  in  the  Physi- 
kalische  Zeitschrift  for  November,  1900.  Its  main  points  were  briefly 
mentioned  with  approval  by  no  less  an  authority  than  Prof.  J.  J. 
Thomson  at  the  end  of  his  captivating  article  on  ''Bodies  smaller  than 
atoms"  in  the  August  number  of  the  Popular  Science  Monthly.  All 
the  physical  principles  on  which  Arrhenius  relies,  with  one  exception, 
are  explained  at  length  in  that  article,  and  are  now  very  generally 
accepted.  We  may  therefore  say  that  the  theory  is  based  on  "verae 
causae,"  and  its  accordance  with  known  facts  is  so  impressive  when 
the  comparison  is  made  in  detail  that  I  venture  to  think  the  readers 
of  Professor  Thomson's  article  will  be  interested  in  a  more  complete 
statement  of  Arrhenius's  views  than  time  permitted  him  to  give. 

Let  us  begin  by  taking  stock  of  the  physical  principles  already  to 
hand.  We  know  (Professor  Thomson's  paper)  that  corpuscles,  about 
1,000  times  smaller  than  hydrogen  atoms,  and  each  bearing  a  charge 
of  negative  electricity,  are  discharged  with  high  velocity: 

(1)  From  the  negative  electrode  in  a  Crookes  tube  (cathode  rays). 

(2)  From  hot  bodies,  such  as  glowing  metals. 

(3)  From  cold  metals  under  the  influence  of  ultra-violet  light. 

(4)  From  the  radio-active  substance  i-adium. 

Again  we  know  that  these  corpuscles,  or  ions,  in  passing  through  a 
ga^  produce  other  ions  by  collision  with  the  molecules  of  the  gas,  and 
that  the  negatively  charged  ions  are  capable  of  serving  as  nuclei  for 
the  condensation  of  ordinary  matter. 

«  Revised  by  the  author  from  article  in  Popular  Science  Monthly,  January,  1902. 
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comets'  tails. 


The  single  new  principle  introduced  by  Arrhenius  arises  in  connec- 
tion with  the  problem  of  comets'  tails. ^  Astronomers  have  always  felt 
that  the  phenomena  exhibited  by  these  strange  objects  could  only  be 
accounted  for  by  making  the  sun  the  seat  of  a  violent  i*adial  repulsive 
force,  but  were  entirely  at  a  loss  to  account  for  this  repulsion.  So  long 
as  light  was  supposed  to  consist  of  myriads  of  corpuscles  discharged 
with  a  speed  of  18o,000  miles  per  second,  it  was  eas}',  with  Kepler,  to 
regard  the  corpuscles  as  carrying  with  them  in  their  rush  the  materials 
vaporized. from  the  comet  by  the  heat  of  the  sun.  But  the  establish- 
ment of  the  wave  theor^^  of  light  put  an  end  to  this  idea.  Thus 
Newcomb  says  (Popular  Astronomy):  "If  light  were  an  emission  of 
material  particles,  as  Newton  supposed  it  to  be,  this  view  would  have 
some  plausibilit3^  But  light  is  now  conceived  to  consist  of  vibrations 
in  a  ethereal  medium;  and  there  is  no  known  way  in  which  they  could 
exert  any  propelling  force  on  matter  I" 

Now,  Arrhenius  points  out  that  according  to  the  electro -magnetic 
theory  of  light  a  ray  of  light  does  exert  a  pressure  on  any  surface  on 
which  it  impinges.  Maxwell  not  only  proved  this  in  hi^  original  pub- 
lication of  the  theorv  in  1873,  but  showed  how  to  calculate  its  value.* 
With  the  known  constants  of  solar  radiation  he  found  that  sunlight  at 
the  surface  of  the  earth  should  exert  a  pressure  of  0.592x10—^^  grams 
on  every  square  centimeter.  This  is  too  small  a  force  to  be  detected, 
though  it  has  been  looked  for.** 

«  This  principle  was  first  suggested  an  an  explanation  of  comets'  tails  by  P.  Lebedew 
in  1891  ( Wied.  Ann.,  45,  p.  292),  where  it  is  pointed  out  that  Maxwell's  fonuula  can 
only  be  applied  strictly  to  a  perfectly  absorbing  black  body  whose  dimensions  are 
small  compared  with  the  wave  length  of  the  incident  light. 

^Maxwell's  formula  was  deduce<l  on  thermodynamical  grounds  by  Baitoli  (1876; 
see  also  Exner'.s  Repert.  d.  Phys.,  21,  p.  198,  1885),  Boltzmann  (Wied.  Ann.,  22,  pp. 
31,  291;  and  31,  p.  139,  1SS4),  and  Galitzine  (Wied.  Ann.,  47,  p.  479). 

^'T'ntil  the  appearance  of  Arrhenius's  papers  (Phys.  Zeitschrift,  Nov.  10  and  17, 
1900)  all  attemj)ts  to  detect  the  pressure  of  light  experimentally  had  failed,  since  the 
effect  to  be  l<M)kc(l  for  had  been  masked  by  convection  and  radiometric  effects  of 
much  greater  magnitude  in  the  high  vacua  employed.  But  immediately  afterwards 
it  was  successfully  measured  by  Lebedew  (Drude,  Ann.,  6,  p.  433, 1901)  and  by  E.  F. 
Nichols  and  Ci.  F,  Hull  (Physical  Keview,  Nov.,  1901,  p.  397),  employing  different 
methods,  but  in  both  cases  reaching  results  which  accord  with  the  calculated  values 
within  the  limits  of  error  of  the  observations. 

Arrhenius  applietl  the  formulae  for  comparatively  large  and  perfectly  absorbing 
spheres  to  particles  ranging  down  to  molecular  dimensions  which  could  not  be 
regarded  as  al)sorbing.  K.  Schwarzschild  (Miinch.  Ber..  31,  pp.  293-338,  1901), 
employing  Spherical  Harmonic  Series,  has  given  a  complete  mathematical  discos- 
sion  of  the  problem  for  perfectly  reflecting  spheres  of  any  size.  He  finds  that  the 
pressure  reaches  a  maximum  when  the  diameter  of  the  particle  is  one-third  of  a 
wave  length,  and  then  falls  off  rapidly;  but  that  this  maximum  pressure  (about 
18  times  the  value  of  the  solar  gravitation)  is  all  that  is  required  for  Arrhenius's 
theory.  In  fact,  the  agreement  with  the  numl)e.rs  quoted  from  Bredicbin  in  the 
text,  in  ignorance  of  SchwarzschiUrs  analysis,  is  curiously  exact. 
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But  at  the  surface  of  the  sun  the  pressure  would  mount  up  to  2.75 
milligrams  per  square  centimeter.  On  the  other  hand,  a  cubic  centi- 
meter of  water,  which  weighs  1  gram  at-  the  surface  of  the  earth, 
would  weigh  27.47  grams  at  the  surface  of  the  sun^ — i.  o.,  the  attrac- 
tion of  the  sun  would  draw  it  inward  with  about  10,000  times  the  force 
with  which  the  sun's  light  would  tend  to  drive  it  away. 

Very  different  is  the  case  if,  instead  of  a  cubic  centimeter,  we  con- 
sider a  much  smaller  cube.  The  pressure  on  its  base  would  fall  off  as 
the  square  of  its  edge,  but  the  weight  would  diminish  as  the  cube. 
There  must  come  a  point  at  which  the  pressure  of  the  light  would  just 
balance  the  weight;  and  still  smaller  particles  would  be  driven  off  with 
a  force  greater  than  their  weight.  They  would  behave,  in  fact,  as  if 
gravity  had  become  negative. 

For  example,  a  cube  of  water  measuring  one- thousandth  of  a  milli- 
meter (10^  cm.)  in  the  edge  would  weigh  27.47x10^^'^  gms. ;  and  the 
pressure  of  light  on  its  base  would  be  2.75X10^^X10-**,  -27.5x10-^2 
gms. — i.  e.,  slightly  more  than  its  weight. 

In  measuring  wave  lengths  of  light  physicists  denote  one-thousandth 
of  a  millimeter  by  the  symbol  yw.  The  critical  value  of  the  edge  of  a 
cube  of  water,  i.  e.,  the  value  for  which  its  weight  is  exactly  neutralized 
by  the  pressure  of  light  at  the  sun's  surface,  is  thus  approximately  ijl. 
For  a  spherical  drop  the  critical  diameter  may  be  calculated  to  be  1.5  /^ 
for  water."  For  other  substances  the  critical  value  is  inversely  propor- 
tional to  the  specific  gravity. 

A  similar  effect  of  extreme  minuteness  is  familiar  to  us  as  the  expla- 
nation of  the  long  time  required  by  very  small  particles  to  settle 
through  the  atmosphere,  amounting  to  many  months  in  the  case  of 
the  finely-divided  dust  thrown  up  during  the  eruptions  of  Krakatoa; 
but  the  resistance  to  suspended  dust  particles  can  never  exceed  their 
weight,  since  it  is  only  called  forth  by  the  motion  produced  by  the 
weight  itself.  The  pressure  of  light  now  considered  may  enormously 
exceed  the  weight,  provided  the  particles  are  small  enough. 

From  the  motions,  and  especially  the  curvature,  of  comets'  tails  the^ 
magnitude  of  the  repulsive  forces  to  which  they  are  subject  may  be 
calculated.  Thus  Bredichin  finds  in  four  instances  that  the  repulsion 
must  have  been  about  18.5,  3.2,  2,  and  1.5  times  the  sun's  gravitational 
attraction.  Now,  the  vapors  emitted  by  comets  are  largely  hydro- 
carbons of  specific  gravity  about  0.8.  To  account  for  these  repulsions 
on  Arrhenius's  principle  the  drops  must  have  had  diameters  of  0.1  /i, 
0.59  /i,  0.94  //,  and  1.25  /<,  respectively.  In  another  case,  where  the 
tail  curved  toward  the  sun,  Bredichin  found  the  repulsion  to  be  0.3. 
times  gravity.  This  would  indicate  particles  of  diameter  6  /^.  Par- 
ticles of  this  order  of  magnitude,  and  far  smaller,  are  familiar  enough 
to  us,  especially  in  combustion  and  in  the  early  stages  of  condensation. 

The  theory  suggested  is,  then,  as  follows:  As  the  comet  approaches 
the  sun  the  intense  heat  causes  a  violent  eruption  of  hydrocarbon 
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vapors  on  the  side  toward  the  sun.  The  hydrogen  boils  off  and  the 
vapors  condense  into  small  drops  of  hydrocarbons  with  higher  boiling 
points,  or  ultimately  solid  carbon  is  thrown  out,  finely  divided  as  in 
an  ordinary  flame.  The  largest  of  these  particles  fall  back  to  the 
comet,  or,  if  they  are  not  condensed  till  at  a  great  distance  from  it, 
ythay  form  tails  turned  toward  the  sun.  The  smaller  are  driven  rap- 
/  idly  from  the  sun  by  the  pressure  of  its  light,  with  a  speed  depending 
-on  their  size,  and  form  the  ordinary  tails  pointing  away  from  it. 
That  jmrticles  of  different  sizes  should  be  formed  from  the  same 
comet  is  natural,  since  the  comet  is  likely  to  be  formed  of  heteroge- 
neous materials  and  there  must  be  great  variety  in  the  circumstances 
of  condensation.  Thus  the  comet  of  1744  had  no  less  than  five  tails  of 
different  curvature.  Occasionally  the  calculated  repulsion  on  the 
same  tail  is  not  found  to  follow  exactly  the  law  of  the  inverse  square 
of  the  distance  from  the  sun  throughout  its  whole  length.  This  puz- 
zling circumstance  is  at  once  explained  if  the  particles  should  for  any 
reason  change  their  state  of  aggregation,  and  consequently  their  size, 
during  their  headlong  career.  In  the  light  of  this  theoi-y  the  follow- 
ing passages  will  be  found  very  suggestive. 
Herschel,  Outlines  of  Astronomv  (p.  37(5): 

"  It  is  for  the  most  part  after  thus  passing  the  sun  that  they  shine 
forth  in  all  their  splendor,  and  that  their  tans  acquire  their  greatest 
length  and  development,  thus  indicating  plainly  the  action  of  the  sun's 
rays  as  the  exciting  cause  of  that  extraordinary  emanation." 

Again  (p.  566): 

''The  tail  of  the  great  comet  of  1680  immediately  after  its  perihe- 
lion passage  was  found  by  Newton  to  have  been  no  less  than  20,000,000 
leagues  in  length  and  to  have  occupied  only  two  da^'^s  in  its  emission 
from  the  comet\s  body — a  decisive  proof  this  of  its  being  darted  forth 
by  some  active  force,  the  origin  of  which,  to  judge  by^  the  direction  of 
the  tail,  must  be  sought  in  the  sun  itself." 

Now,  a  particle  with  one-half  the  critical  diameter  would  in  the 
course  of  traveling  from  the  sim's  surface  to  a  distance  equal  to  his 
radius  acquire  a  speed  of  430  kilometers  per  second.  With  this 
velocity  it  would  cross  a  space  equal  to  the  diameter  of  the  sun, 
865,000  miles,  in  less  than  an  hour.  In  comets'  tails  we  probably 
have  to  do  with  particles  having  less  than  one-eighteenth  of  the  crit- 
ical diameter.  Such  particles  would  cover  the  same  distance  in  less 
than  four  minutes.  With  a  force  manv  times  the  sun's  attraction 
driving  them  into  space,  they  would  make  little  of  20,000,000  leagues 
in  two  da^'s;  whereas  if  this  were  to  be  accomplished  against  gravit}- 
the  velocity  of  projection  required  might  well  stagger  the  astronomers. 

Referring  to  Halley's  comet,  Ilerschel  says  (p.  381): 

"On  the  2d  of  October  (the  very  day  of  the  first  observed  com- 
mencement of  the  tail)  the  nucleus,  which  had  l)een  faint  and  small. 
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was  observed  suddenly  to  have  become  much  brighter  and  to  be  in 
the  act  of  throwing  out  a  jet  or  stream  of  light  from  its  anterior  part, 
or  that  turned  toward  the  sun.  This  ejection,  after  ceasing  a  while,  was 
resumed,  and  with  much  greater  apparent  violence,  on  the  8th,  and 
continued  with  occasional  mtermittences  so  long  as  the  tail  itself  con- 
tinued visible.  »  *  *  These  jets,  though  very  bright  at  their- 
point  of  emanation  from  the  nucleus,  faded  rapidly  away,  and  became 
diffused  as  they  expanded  into  the  coma,  at  the  same  time  curving 
I)ackward  as  streams  of  steam  or  smoke  would  do  if  thrown  out  fronoT 
narrow  orifices  more  or  less  obliquely  in  opposition  to  a  powerful 
wind,  against  which  they  were  unable  to  make  wav,  and  ultimately 
yielding  to  its  force,  so  as  to  be  drifted  back  anrf^  confounded  in  a 
vaporous  train,  following  the  general  direction  of  the  current. 

^'It  seems  impossible  to  avoid  the  following  conclusions:  First. 
That  the  matter  of  the  nucleus  of  a  comet  is  powerfully  excited  and'^ 
dilated  into  a  vaporous  state  b}'  the  action  of  the  sun's  rays,  escaping 
in  streams  and  jets  at  those  points  of  the  surface  which  oppose  the 
least  resistance.  Second.  That  this  process  chiefly  takes  place  in  thaf 
portion  of  the  nucleus  which  is  turned  toward  the  sun,  the  vapor 
escaping  chiefly  in  that  direction.  Third.  That  when  so  emitted  it 
is  prevented  from  proceeding  in  the  direction  originally  impressed  on 
it  by  some  force  directed  from  the  sun  drifting  it  back  and  carrying  ^ 
it  out  to  vast  distances. behind  the  nucleus,  forming  the  tail.  Fourth. 
That  this  force,  whatever  its  nature,  acts  unegualTy  on  the  materials 
of  the  comet.  Fifth.  That  the  force  thus  acting  on  the  materials  of 
the  tail  can  not  possibly  be  identical  with  the  ordinary  gravitation  of 
matter,  being  centrifugal  or  repuJsjvCj^as  respects  the  sun,  and  of  an 
energy  vei'y  far  exceeding  f he  gravitating  force  toward  that  lumi- 
nary. This  will  be  evident  if  we  consider  the  enormous  velocity  with '  ~  n 
which  the  matter  of  the  tail  is  carried  backward,  in  opposition  both  / 
to  the  motion  which  it  had  as  part  of  the  nucleus  and  to  that  which  it 
acquired  in  the  act  of  emission." 

Again,  describing  the  long,  sti'aight  tail  of  the  great  comet  of  1843, 
from  which  a  lateral  tail,  nearly  twice  the  length  of  the  regular  one, 
was  shot  forth  in  a  single  day,  Herschel  says: 

"The  projection  of  this  ray,  which  was  not  seen  either  before  or 
after  the  day  in  question,  to  so  enormous  a  length  (nearly  100*^)  in  a 
single  day  conveys  an  impression  of  the  intensity  of  the  forces  acting 
to  produce  such  a  velocity  of  material  transfer  through  space,  such  as 
no  other  natural  phenomenon  is  capable  of  exciting.  It  is  clear  that 
if  we  have  to  deal  here  with  matter,  such  as  we  conceive  it,  viz., 
possessing  inertia,  at  all,  it  nmst  be  under  the  dominion  of  forces 
mcompambly  more  energetic  than  gravitation  and  quite  of  a  different 
nature."  ^ 

And  finally  (p.  406): 

*' There  is  beyond  Question  some  profound  secret  and  mystery  of 
nature  concerned  in  tne  phenomenon  of  their  tails.  In  no  respect  is 
the  question  as  to  the  materiality  of  the  tail  more  forcibly  pressed  on 
'js  for  consideration  than  in  that  of  the  enormous  sweep  which  it  makes 
round  the  sun  in  perihelio,  in  the  manner  of  a  straight  and  rigid  rod, 
in  defiance  of  the  law  of  gravitation,  nay,  even  of  the  received  laws  of 
motion,  extending  (as  we  have  seen  in  the  comets  of  1680  and  1843) 
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say  with  confidence  that  it  can  not  be  an  atmosphere,  that  is,  a  con- 
tinuous mass  of  elastic  gas  held  up  by  its  own  elasticity.  '''  *  * 
What,  then,  is  the  coronal  Probably  detached  particles  partially  or 
wholly  vaporized  by  the  intense  heat  to  which  they  are  exposed.  *  *  * 
The  diflScult  question  which  we  meet  is,  How  are  these  particles  held 
up?     To  this  question  only  conjectural  replies  can  be  given." 

Three  conjectures  are  then  mentioned,  of  which  we  may  note  the  first: 

^'That  the  matter  of  the  corona  is  in  what  we  may  call  a  state  of 
projection,  being  constantly  thrown  up  by  the  sun,  while  each  particle 
thus  projected  falls  down  again  according  to  the  law  of  giuvithtion. 
The  aifliculty  we  encounter  here  is  that  we  nmst  suppose  velocities  of 
projection  rising  as  high  as  200  miles  per  second  constantly  maintained 
m  ever}'  region  of  the  solar  globe. 

''The  prominences  are  of  two  classes — the  cloud-like  and  the  erup- 
tive. The  first  class  presents  the  appearance  of  clouds  floating  in  an 
atmosphere;  but  as  no  atmosphere  dense  enough  to  sustain  anything 
can  possibly  exist  there,  we  find  the  same  difficulty  in  accounting  for 
them  that  we  do  in  accounting  for  the  suspension  of  the  matter  of  the 


corona." 


Professor  Young  is  frankly  despairing: 

"1  do  not  know  what  to  make  of  the  corona.  *  *  *  By  what 
forces  the  peculiar  i*adiated  structure  of  the  corona  is  determined  I 
have  no  definite  idea.  The  analogies  of  annets'  tails  and  auroral 
streamers  both  appear  suggestive;  but  on  the  other  hand,  the  spectra 
of  the  corona,  the  aurora  borealis,  the  comets,  and  the  nebulie  are  all 
different,  no  two  in  the  least  alike.  *  *  *  Mor  have  I  any  theory 
to  propose  to  account  for  the  certain  con7iection  hefweeti  disturhances 
of  the  solar  s^urface  and  of  terrestrial  niagnetistn,-^ 

The  words  we  have  underlined  in  this  passage  have  almost  a  Sopho- 
clean  irony  to  a  reader  acquainted  with  the  further  developments  of 
Arrhenius's  theorv,  to  which  we  now  turn. 

ft/     7 

THE   ZODIACAL   LIGHT   AND   THE   (JEOENSCHETN. 

Not  only  is  the  sun  the  source  of  those  eruptions  of  ordinarv  matter 
which  form  the  prominences,  but  we  have  every  reason  to  be  believe 
that  he  must  emit  streams  of  electrically  charged  corpuscles  both 
directh',  as  a  hot  body,  and  indirectly,  since  the  electrical  discharges 
which,  according  to  all  terrestrial  analogies,  must  accompany  the 
violent  chemical  actions  going  on  near  his  surface,  will,  when  they  take 
place  in  the  higher  and  rarer  regions  of  his  atmosphere,  give  rise  to 
kathode  rays,  and  these,  in  turn,  to  Rontgen  rays.  As  Professor 
Thomson  says:  "'As  a  very  hot  metal  emits  these  corpuscles,  it  does 
not  seem  an  improl^able  hypothesis  that  they  are  emitted  by  that  very 
hot  body,  the  sun." 

Now  the  negatively  charged  corpuscles  are  pi-eeminentl}^  fitted  to 
sen^e  as  nuclei  for  the  condensation  of  the  ordinary'  matter.  Hence 
those  particles  of  the  latter  which,  having  more  than  the  critical  diam- 
eter, fall  back  to  the  sun,  will  carrj^  back  a  negative  charge  to  him;  while 
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those  which  have  less  than  the  critical  diameter  will  carry  a  negative 
charge  off  into  space.  On  Iwth  counts  the  corona  will  be  left  with  a 
surplus  of  positive  charge.  The  same  arguments  hold  for  the  vapors 
emitted  by  the  nucleus  of  a  comet.  Thus  comets'  tails  should  consist 
of  negatively  charged  particles. 

Let  us  follow  the  career  of  the  particles  launched  into  space.  They 
proceed  radially  from  the  sun  alxjve  the  regions  of  sun  spots  with 
rapidly  increasing  speed,  which,  however,  may  l)c  shown  to  approach 
a  finite  limit  at  a  distance  of  alK)ut  ten  radii  from  the  sun.  If  they 
encounter  another  body,  such  as  the  earth,  they  charge  its  outer  atmos- 
phere negatively,  and  when  this  charge  reaches  a  certain  value,  it  will 
begin  to  repel  them.  The  oncoming  rush  will  be  deflected,  and  stream 
I)ast  the  earth  on  each  side  in  hyperbolic  orbits.  Far  out  in  space  they 
must  sooner  or  later  meet  particles  from  other  bodies,  and,  if  by  col- 
lision or  agirregation  they  increase  be3'ond  the  critical  diameter,  they 
will  first  lose  speed  and  then  drift  back  with  ever  increasing  velocity 
past  the  earth,  directly  toward  the  sun.  The  space  immediately  behind 
the  earth  would  be  screened  by  her,  and  so  be  void  of  particles.  Could 
we  take  our  stand  on  the  moon,  we  should  thus  see  the  earth  attended 
.})y  a  faint  double  tail  with  a  dark  dividing  line  (so  conspicuous  a  fea- 
ture in  comets),  immediatel}^  behind  it,  pointing  from  the  sun;  and  a 
similar,  though  perhaps  fainter,  tail,  pointing  toward  him.  Not  only 
so,  but  the  earth  helps  to  form  her  own  tail.  For  when  the  negative 
charge  in  the  upper  atmosphere  is  high  enough,  discharges  are  brought 
about  by  the  powerful  ultra-violet  radiation  from  the  sun,  and  parti- 
cles are  driven  off  radially  from  the  earth  on  the  side  turned  toward  the 
sun,  only  to  be  drifted  back  with  the  other  streams  into  the  tail.  The 
effect  will  be  as  if  a  sheaf  of  light  projected  from  her  toward  the  sun. 

Compare  with  this  the  description  of  the  z<xliacal  light  (Newcomb, 
Popular  Astronomy,  p.  416): 

'^  This  object  consists  of  a  very  soft  faint  column  of  light,  which  may 
be  seen  rising  from  the  western  horizon  after  twilight  on  an}^  clear 
winter  or  spnng  evening;  it  may  also  be  seen  rising  from  the  eastern 
horizon  just  before  daybreak  in  the  summer  or  autumn.  It  really 
extends  out  on  each  side  of  the  sun,  and  lies  nearly  in  the  plane  of  the 
ecliptic.  ♦  ♦  *  Near  the  equator,  where  the  ecliptic  always  rises 
high  al)ove  the  horizon,  the  light  can  be  seen  about  equally  well  all 
the  year  round.  *  *  *  It  is  due  to  a  lens-shaped  appendage  of 
some  sort  surrounding  the  sun,  and  extending  out  a  little  beyond  the 
earth^s  orbit. 

''The  nature  of  the  substance  from  which  this  light  emanates  is 
entirely  unknown.  ♦  *  •  Professor  Wright,  of  Yale  College,  finds 
its  spectrum  to  be  continuous.  Accepting  this,  we  should  be  led  to 
the  conclusion  that  the  phenomenon  in  question  is  due  to  reflected  sun- 
light, probabl}'  from  an  immense  cloud  of  meteorites,  filling  up  the 
space  between  the  earth  and  the  sun." 


comets'  tails,  the  corona,  and  the  aurora.         187 

The  difficulty  in  this  view  is  that  the  orbits  of  such  swarms  of 
meteorites  as  are  known  to  us  are  distributed  irregularly  with  regard 
to  the  ecliptic.  On  the  other  hand,  Arrhenius's  sti-eams  of  particles, 
when  near  enough  to  be  visible,  necessarily  lie  in  or  near  the  ecliptic, 
as  required  by  observation.  More  than  this,  the  particles  emitted  by 
the  earth  herself  should  be  most  abundant  over  those  regfions  which 
have  been  exposed  for  many  hours  to  the  sun.  Now  it  has .  l)cen 
observed  that  the  zodiacal  light  is  stronger  on  what  Arrhenius  calls  the 
'*  evening  side"  of  the  earth  (i.  e.,  that  side  which  is  in  the  act  of 
turning  away  from  the  sun,  and  has  the  sun  in  the  west)  than  on  the 
"morning  side." 

Even  at  night,  when  the  sun  is  below  the  horizon,  faint  reflections 
should  reach  us  from  the  streamers  behind  the  earth,  and  by  an  eflfect 
of  perspective,  these  should  have  a  maximum  in  the  point  opposite  to 
the  sun,  where  they  will  appear  most  dense.  Let  Professor  Newcomb 
describe  the  Gegenschein : 

"Another  mysterious  phenomenon  associated  with  the  zodiacal  light 
is  known  by  its  German  appellation,  the  Gegenschein.  It  is  said  that 
in  that  point  of  the  heavens  directly  opposite  the  sun  there  is  an  ellip- 
tical patch  of  light,  a  few  degrees  in  extent  of  such  extreme  faintness 
that  it  can  be  seen  only  bv  the  most  sensitive  eyes,  under  the  best  con- 
ditions, and  through  the  clearest  atmosphere.  This  phenomenon  seems 
so  difficult  to  account  for  that  its  existence  is  sometimes  doubted;  yet 
the  testimony  in  its  favor  is  difficult  to  set  aside." 

How  is  it  that  the  moon  does  not  exhibit  such  tails?  The  moon  has 
no  atmosphere,  so  that  the  particles  which  reach  her  give  up  their  nega- 
tive charge  to  her  directly,  and  it  spreads  equally  all  over  her  surface. 
When  in  turn  she  herself  discharges  the  particles,  it  will  be  uniformly 
in  all  directions,  and  she  should  appear  surrounded  with  a  uniform 
sheath.  Possibly  this  sheath  of  cosmical  dust  affords  the  reason  that 
in  a  lunar  eclipse  the  shadow  of  the  earth  can  be  traced  a  short  distance 
beyond  the  limb  of  the  moon  on  each  side. 

the  aurora  borealis. 

Perhaps  the  most  interesting  application  of  Arrhenius's  theory  is  his 
explanation  of  the  Aurora,  In  a  well-known  experiment  the  streams 
of  negative  particles  forming  cathode  rays  in  a  Crookes  tube  are 
exposed  to  a  magnetic  field,  when  they  are  seen  to  describe  helices 
round  the  lines  of  force.  If  the  field  is  powerful  enough  they  may 
thus  be  bent  into  a  complete  circle  inside  a  moderatel}^  large  tube. 

Now  the  negative  particles  discharged  from  the  sun  arrive  most 
thickly  over  the  equatorial  regions  of  the  earth,  which  are  most 
directly  exposed  to  him.  Long  before  they  reach  any  atmosphere 
dense  enough  to  excite  luminescence,  they  are  caught  by  the  lines  of 
force  of  the  earth's  magnetic  field,  which  are  horizontal  over  the  equa- 
tor, and  have  to  follow  them,  winding  round  them  in  helices  whose 


1S8     COMETS^  TAILS,  THE  CORONA,  AND  THE  AURORA. 

radii  are  so  much  less  than  their  height  al)ove  us  that  the  effect  to  a 
beholder  on  the  earth  is  as  if  they  moved  along  the  lines  of  force. 
Over  the  equator  there  is  little  luminescence,  for  lack  of  atmosphere. 
But  as  the  lines  of  force  travel  north  and  south  thev  dip  downward, 
making  for  the  magnetic  poles,  over  which  thev  stand  vortical.  Soon 
the  particles  find  themselves  in  lower  layers  of  the  atmosphere,  com- 
parable in  density  with  our  highest  artificial  vacua,  and  begin  to  give 
out  the  darting  and  shifting  lights  of  the  cathode  ray.  .  But  this  can 
only  \h}  at  the  cost  of  absorption,  and  by  the  time  the  denser  layers  of 
air  are  reached  their  energy  is  exhausted.  Hence  the  dark  circles 
round  the  magnetic  poles  from  which,  as  from  behind  a  curtain,  the 
Iciiping  pillars  of  the  Aurora  rise.  From  this  point  of  view  it  is  sig- 
niticant  that  Dr.  Adam  Paulsen,  who  has  made  a  special  study  of  the 
northern  lights,  found  so  man}'  points  of  correspondence  between 
them  and  cathode  -ravs  that  in  1894  he  was  led  to  recntird  the  aurora 
as  a  sptH*ial  case  of  the  latter,  though  unable  to  give  any  account  of 
their  origin  in  the  upj^er  atmasphere,  such  as  is  supplied  by  Arrhenius's 
theory. 

The  most  obvious  test  to  which  we  can  subject  such  a  theory'  is  to 
ask  from  it  some  explanation  of  the  very  remarkable  periodic  varia- 
tions in  the  frequency  of  auroras.  If  they  an*  caused  by  streams  of 
particles  ejected  from  the  sun,  there  should  be  some  connection 
between  the  changes  in  the  sun's  activity,  as  indicated  by  the  number 
of  sun  spots,  and  the  number  of  aurorae  observed.  Again,  since  a 
negative  charge  in  motion  is  (pace  M.  Cremieux)  equivalent  to  a  nega- 
tive current,  the  passage  of  electrified  particles  through  the  upper 
atmosphere  should  affect  magnetic  instruments  on  the  earth.  Sun 
spots,  auroiie,  magnetic  storms  should  therefore  vary  together. 

It  has  long  been  known  empirically  that  they  do  agree  in  a  general 
way.  An-henius's  discussion  of  the  mass  of  statistics  of  observed 
aurorsB  fonns  so  striking  an  example  of  the  "Method  of  concomitant 
variations'"  that  at  the  risk  of  wearying  the  reader  we  shall  give  it  in 
some  detail. 

L  Slotr  Hteuhir  ih'vioiU. — ((i)  Both  sun  spots  and  aurone  show  marked 
maxima  at  the  middle  of  the  eighteenth  and  the  end  of  the  nineteenth 
centuries. 

(A)  Sun  spots,  aurorae,  and  magnetic  storms  go  through  a  simul- 
taneous increase  and  decrease  in  the  well-known  period  of  11.1  years. 

The  source  of  these  slow  variations  must  be  looked  for  in  the  little 
understood  variations  of  the  sun's  activitv. 

2.  Anmud period. — The  number  of  aurorae  is  greatest  in  March  and 
Septemter,  and  least  in  June  and  December;  and  the- mean  frequency 
for  both  hemispheres  is  somewhat  less  in  June  than  in  December. 

Now  the  sun's  activity,  as  indicated  by  the  number  of  sun  spots,  is  a 
minimum  at  hLs  equator,  the  spots  occurring  principally  in  belts  about 
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15°  north  and  south  of  his  equator.  Since  the  streams  of  particles 
issue  i*adially  from  the  sun,  the  earth  will  be  most  exposed  to  them 
when  she  is  most  nearly  opposite  the  active  belts.  But  the  earth  stands 
opposite  the  sun's  equator  on  June  4  and  December  6,  and  is  at  her 
farthest  north  and  south  of  it  (7°),  i.  c.,  most  nearly  opposite  the  sun- 
spot  belts,  on  March  5  and  on  September  3.  Moreover,  she  is  some- 
what nearer  to  the  sun  in  December  than  in  June. 

As  between  the  two  hemispheres,  the  same  conditions  apply  as  those 
which  regulate  the  seasons,  viz,  altitude  of  the  sun  above  the  horizon, 
and  length  of  time  during  which  he  remains  above  it  daily.  Auroras 
should  therefore  be  more  frequent  in  summer  than  in  winter,  a  result 
which  is  verified  by  the  records.  And  just  as  the  highest  dail}-  tem- 
perature occurs  from  two  to  three  hours  after  midday,  so  we  ought  to 
find  a  daily  maximum  of  auroras  about  3  p.  m.  It  is  not  possible  to 
verify  this  directly,  since  aurora?  are  not  visible  in  dajMight.  But 
Arrhenius  remarks  (1)  that  the  majority  of  them  occur  before  mid- 
night and  not  after  it,  which  is  so  far  in  general  agreement  with  the 
theory;  (2)  that  Carlheim-Gyllenskiold,  discussing  the  observations 
made  at  Cape  Thordsen  in  Spitzbergen  during  the  winter  of  1882-83, 
with  a  view  to  coi;recting  the  numbers  recorded  for  the  effect  of  day- 
light in  concealing  them,  deduces  a  probable  maxinmm  f or  the  number 
actually  occurring  at  2.40  p.  m. 

But  though  we  can  not  observe  aurorse  in  daylight  we  are  not  with- 
out resource,  for  even  when  invisible  they  give  notice  of  their  presence 
by  disturbing  the  ordinary  course  of  the  records  photographically  taken 
in  our  magnetic  observatories.  In  1899  Van  Bemmelen  discussed  the 
records  of  such  magnetic  storms  taken  in  Batavia.  He  found  that  they 
show  maxima  in  March  and  September,  minima  in  Januar}^  and  June, 
and  a  daily  maximum  at  3  p.  m.,  and  minimum  at  1  a.  m. 

3.  Monthly  variations, — It  is  only  recently  (1898)  that  the  collection 
of  statistics  of  auroree  published  by  Eckholm  and  Arrhenius  has 
brought  to  light  two  curious  monthl}^  variations  in  their  number. 

One  of  these,  with  a  variation  of  20  per  cent  on  each  side  of  the 
mean,  depends  on  the  revolution  of  the  moon  in  her  orbit,  showing  in 
the  northern  hemisphere  a  maximum  when  the  moon  is  farthest  south 
of  the  equator,  a  minimum  when  she  is  farthest  north;  and  vice  v^ersa 
for  the  southern  hemisphere. 

The  explanation  appears  highly  ingenious.  It  is  as  follows:  The 
moon,  being  unprotected  by  an  atmosphere,  is  charged  by  the  streams 
of  particles  that  reach  her  much  as  the  outer  layers  of  our  own  atmos- 
phere are  charged,  and  therefore,  as  we  have  good  reason  to  believe,  to 
a  far  higher  negative  potential  than  is  observed  at  the  surface  of  the 
earth.  If  so,  she  will  seriously  affect  the  number  of  aurora?  at  any 
place  over  which  she  stands,  by  lowering  the  potential  gradient,  and 
thus  reducing  the  numbcrof  negative  discharges  in  the  highest  regions 
of  our  atmosphere. 


190  COlklETS'   TAILS,  THE    CORONA,   AND   THE    AURORA. 

The  other  variation  of  some  10  per  cent  each  way  has  a  period  of 
25.93  days  and  affects  both  hemispheres  alike.  At  first  sight  it  is 
natural  to  refer  this  to  the  svnodical  time  of  revolution  of  the  sun  on 
his  axis  as  determined  by  observations  of  sun  spots.  But  this  is  27.3 
days.  Remembering  that  the  earth  never  departs  more  than  7^'  fi^om 
the  sun's  equator,  we  should  rather  take  the  time  of  revolution  of  the 
eciuatorial  belt  for  comparison.  As  estimated  by  the  motion  of  the 
faculie,  this  is  26.06  days,  the  equator  moving  faster  than  the  sun-spot 
belt*!,  and  prol^ably  the  time  of  I'e volution  of  the  outermost  layers, 
from  which  the  particles  sti*eam,  is  yet  a  little  shorter.  The  agreement 
with  the  |)eriod  of  the  aurora  (25.93  days)  would  thus  be  within  the 
limits  of  error  of  the  observations. 

ATMOSPHERIC    ELECTRICITY. 

Let  as  now  ti"ace  the  effect  of  the  aurora?  on  the  earth'^s  atmosphere. 
If  they  are  really  cathode  rays  on  a  grand  scale,  they  must  ionize  the 
air;  the  negative  ions  will  form  centers  for  condensation,  and  sinking 
to  the  earth  by  gravitation,  will  charge  it  negatively,  leaving  the  layere 
at  moderate  heights  positively  charged.  This  agrees  with  the  results 
of  ivcent  observations  made  from  balloons  up  to  heights  of  3,000 
metei-s. 

Since  condensation  will  depend  on  the  number  of  ions  available  for 
nuclei,  we  have  at  once  an  explanation  of  the  curious  fact  that  cloud 
formation  in  the  upper  atmosphere  is  more  copious  in  years  of  frequent 
aurone  than  when  thev  occur  rarelv.  In  this  connection  another  odd 
coincidence  may  be  mentioned.  When  sun  spots  are  numerous  Jupiter 
shines  with  a  white  light;  when  they  are  few  his  light  has  a  reddish 
tinge.  Now,  it  is  agreed  that  Jupiter  is  still  at  a  high  temperature. 
If,  therefore,  sun  spots  cause  aurorw  on  Jupiter,  and  consequent  cloud 
formation,  we  must  see  less  of  the  heated  interior  in  sun-spot  years 
than  we  do  when  his  cloud  layers  are  not  so  opaque. 

In  isj)l)  Von  I^zold  showed  that  the  daily  variation  of  the  compass 
over  the  earth's  surface  could  be  simply  represented  as  follows: 
Imagine  two  points,  one  in  latitude  40-  N.,  and  one  in  40'  S.,  to  move 
round  with  the  sun.  Then  it  is  as  if  the  north  end  of  the  compass 
needle  were  attracted  toward  the  northerly  point  and  the  south  end 
toward  the  southerly.  Remembering  that  the  air  immediately  above 
the  earth  has  a  positive  charge,  we  st*e  that  this  effect  would  follow  by 
Amix*re's  rule,  if  the  sun*s  heat  caused  two  air  whirls,  one  in  the 
northern  and  one  in  the  southern  hemisphere,  over  the  places  of  highest 
temperature,  the  former  rotating  counter-clockwise,  the  latter  clock- 
wise. Such  whirls  would  result  from  the  sucking  in  of  currents  ftx>m 
the  slower-moving  north  latitudes  and  the  faster-moving  south  lati- 
tudes toward  the  mean  latitude  of  4o  ,  in  the  northern  hemi.^pbere, 
and  similarly  for  the  southern.  If  this  be  the  true  explanation,  then 
for  a  given  frequency  of  sun  spots  the  amplitude  of  the  diurnal  varia- 
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tion  should  increase  by  the  same  fraction  of  itself  for  all  parts  of  the 
earth.  Thus,  if  A^  is  the  amplitude  at  a  given  place  in  a  year  of  no 
sun  spots,  and  A  its  value  in  a  year  for  which  Wolf's  number  express- 
ing the  relative  frequencj^  of  spots  is  f,  we  ought  to  find  A=A^ 
fl+«f).  Now,  the  value  of  the  coefficient  a  comes  out  0.0064  from 
whatever  part  of  the  world  the  observations  be  taken  from  which  it  is 

calculated. 

meteorites  and  nebulae. 

To  the  man  of  science  this  discussion  of  terrestrial  details  will 
probably  be  the  most  convincing  part  of  the  evidence  adduced  by 
Arrhenius  for  his  theory.  But  it  is  time  to  turn  from  it  and  follow 
with  lagging  imagination  the  destinies  of  those  particles,  by  far  the 
greatest  number,  which  miss  the  earth  and  the  planets  and  launch 
forth  into  interstellar  space. 

Many  of  them  will  meet  similar  streams  ejected  from  other  suns, 
and,  overcoming  the  mutual  repulsion  of  their  negative  charges  by  their 
mighty  velocities,  will  clash  together,  like  Lucretius's  atoms,  and  unite 
to  form  larger  masses.  But  this  aggregation  must  have  an  end.  For 
if,  in  the  void  of  space,  they  are  unable  to  get  rid  of  their  electric 
charges,  the  potential  of  the  growing  mass  must  rapidl}'^  increase,  since 
the  charge  increases  as  the  cube  of  the  radius,  being  proportional  to 
the  total  number  of  particles,  while  the  capacity  for  holding  electricity 
only  increases  as  the  radius  itself.  To  put  this  in  popular  language, 
each  particle  brings  to  the  account  the  whole  charge  it  can  bear  on  its 
surface;  but  in  the  mass,  since  electricity  flies  to  the  surface,  only  the 
outer  parts  of  those  particles  which  are  actually  in  the  surface  can  be 
useful  in  harboring  the  accumulating  charge,  and  hence  the  electric 
pressure  rises.  When  it  becomes  intense  enough  to  prevent  fresh 
particles  from  approaching,  accretion  will  cease.  Space  will  thus  be 
sown  with  masses  of  moderate  size,  formed  irregularly,  particle  by 
particle,  in  spite  of  repulsive  forces.  These  are  the  meteorites  which 
blaze  for  a  moment  in  the  upper  air,  or  in  rare  cases  reach  the  earth 
to  puzzle  philosophers  with  their  porous  structure. 

Another  multitude  of  the  particles  will  at  last  reach  other  suns. 
For  if  in  their  wanderings  they  have  united  with  others  till  they  aro 
beyond  the  critical  size,  they  will  be  drawn  in,  and  raise  the  charge  of 
the  bodies  they  reach,  till  they  in  turn  discharge  their  streams  into 
space. 

In  these  we  see  the  ^'greyhounds"  of  the  abyss,  engaged  in  dis- 
tributing the  materials  of  the  universe,  forever  busied  in  a  cosmic 
traffic  by  whose  exchanges  the  stellar  hosts  are  made  more  and  more 
alike  in  constitution,  whatever  may  have  been  their  differences  in  the 
beginning. 

For  those  myriads  which  are  fated  to  escape  all  visible  suns,  far  out 
in  the  '^ flaming  bounds  of  space"  the  nebulae  lie  in  wait,  spreading 
spider-like  their  impalpable  webs  across  immeasurable  breadths  of  sky. 
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Ever  since  the  s[)ec*tro8cope  showed  that  many  nebula?  are  gaseous,  and 
yet  shine  by  their  own  light,  two  problems  have  vexed  the  astronomers. 
How  can  thev  be  hot  enough  to  send  light  to  us.  and  ytt  be  held 
together  against  the  expansive  force  of  the  heated  gas  by  the  feeble 
gravitation  which  such  inconceivably  diffuse  masses  can  exert  at  their 
borders?  If  they  are  really  at  a  temperature  of  not  less  than  500-  C, 
so  as  to  shine,  or,  indeed,  if  they  are  much  above  absolute  zero,  their 
own  gravitation  should  not  be  able  to  prevent  their  speedy  dissipation 
into  space. 

Again,  why  do  they  show  the  spectroscopic  lines  of  so  few  gases,  and 
those  the  lighter  ones,  such  as  hydrogen  and  helium? 

Accoixling  to  Arrhenius,  the  nebulae  are  cold,  with  the  cold  of  empty 
space.  Their  light  is  due  to  the  min  of  negatively  charged  particles 
which,  plunging  into  their  outermost  regions,  give  rise  to  electric 
discharges  and  make  their  gases  shine  as  the  gases  in  a  vacuum  tube. 
To  this  the  intense  cold  is  no  bar.  for  Stark  has  shown  that  the  inten- 
sity of  light  excited  in  a  vacuum  tube  is  greater  the  lower  the  tem- 
perature at  which  the  experiment  is  tried.  And  this  process  should 
take  place  at  the  surface  of  the  nebula,  where  the  lighter  gases  would 
be  found,  the  heavier  settling  inward.  Hence  the  few  lines  found  in 
the  spectrum  of  a  nebula,  and  the  comi>arativc  brightness  of  the  out- 
lying parts,  especially  to  l)e  observed  in  the  planetary  and  the  ring 
nebulae 

Such  is  Arrhenius's  theory.  It  is  too  early,  as  yet,  to  pronounce 
any  judgment  upon  it»  but  glancing  back  over  the  array  of  hitherto 
unexplained  facts  which  fall  into  order,  without  forcing,  at  its  touch, 
we  must  admit  that  it  is  at  least  plausible.  It  springs  from  a  single 
principle,  itself  a  necessary  theoretical  consequence  of  the  accepted 
electromagnetic  theory  of  light — viz,  that  light  nmst  exert  a  pressure 
which,  in  the  case  of  small  particles,  may  verv  greatly  exceed  their 
weight.  Hy  means  of  this  principle  in  conjunction  with  recent  views 
about  the  nature  and  properties  of  ions,  which  can  all  be  experimen- 
tally verified,  this  theory  gives  a  rational  explanation  of  the  astounding 
behavior  of  comets'  tails;  accounts  for  the  '"hairy"  structure  of  the 
corona;  shows  us  how  the  prominences  can  float  where  the  existence 
of  a  sup{)orting  atmosphere  is  inadmissible;  what  is  the  origin  of  the 
zodiacal  light  and  the  (Jegenschein;  of  "the  certain  connection"*^ 
between  sun  spots  and  magnetic  storms;  of  the  aurora,  and  wh}'  it  is 
subject  to  such  complicated  periodical  variations;  wh}'  meteorites  are 
porous  and  limited  in  size;  how  the  ne!)ula?  shine  in  the  absolute  cold 
of  interstellar  space,  and  \'et  hang  together;  and  why  their  constitu- 
ents appear  to  be  so  restricted,  while  the  suns  among  which  they  are 
strewn  give  evidence  of  most  of  the  elements  known  on  earth. 

A  theory  which  sweeps  the  asfronomical  horizon  of  so  many  mvv^ 
t4»ri('s  must  not  only  arouse  our  profound  interest,   but  claim  the 
resi>e<'tful  consideration  of  men  of  science. 
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GOOD  SEEING."  « 


Bv  S.  P.  Langley. 


Eveiyone  who  has  used  a  telescope  knows  that  our  atmosphere  is 
forever  in  pulsating  motion,  and  troubling  our  vision  of  the  heav-enly 
bodies,  during  the  most  cloudless  day  or  night,  so  that  observatories 
are  put  even  on  high  mountains,  to  get  rid  of  the  disturbances  in  this 
atmosphere,  which  tend  to  make  the  image  of  every  object  tremulous 
and  indefinite,  and  to  prevent  what  the  astronomer  terms  ^'good  seeing." 

I  desire  to  speak  to  the  acadeni}'  about  a  device  which  I  have  recently 
es.sayed  for  preventing  this  universally  known  and  dreaded  "boiling" 
of  the  telescopic  image,  a  difficulty  which  has  existed  always  and  ever}"- 
where  since  telescopes  have  been  in  use,  and  which  has  seemed  so  insur- 
mountable  that  I  believe  it  has  hardly  ever  been  thought  of  as  subject 
to  correction. 

Hitherto  it  has  been  the  endeavor  of  astronomers,  so  far  as  I  know, 
to  secure  a  more  tranquil  image  by  keeping  the  air  in  the  telescope 
tube,  through  which  the  Yhys  pass,  as  quiet  as  possible,  and  for  this 
purpose  the  walls  of  the  tube  have  been  made  nonconducting,  and 
extreme  jtlrins  have  been  taken  not  to  set  up  currents  in  the  tube. 
With  these  precautions  the  "seeing"  is  perhaps  a  little  better  (but 
very  little)  than  if  none  were  used  at  all,  the  main  difficult}^  having  been 
ahvavs  found  insurmountable. 

I  have  been  led  for  some  vears  to  consider  the  conditions  under  which 
this  "boiling"  presents  itself.  It  is  not  necessarily  due  to  a  high  tem- 
pei-ature  of  the  external  air,  for  the  most  perfect  definition  I  have  ever 
seen  of  any  terrestrial  object  was  obtained  by  me  long  since  in  the 
Harvard  College  Observatory  at  Cambridge,  with  its  great  equatorial 
telescope,  when,  on  the  hottest  da}"  that  I  ever  knew  in  a  New  England 
summer,  I  directed  it  with  a  high  power  on  the  distant  "south  mark," 
which  I  expectetl  to  find  almost  indistinguishable  from  the  "  boiling." 
I  remember  my  extreme  surprise  when,  under  a  magnifying  power  of 
300,  I  found  the  image  as  still  as  the  lines  of  an  engraving.  This  was 
an  extraordinary  exception  to  ordinary  experience,  and  led  me  to  take 
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an  interen^  in  the  subject.  I  have  since  pursued* an  inquiry  to  which 
this  circumstance  first  directed  n>v  attention,  and  I  have  done  so  at  all 
altitudes,  at  one  time  residing  on  iKtna  for  this  purpose,  noting  that 
even  on  high  mountains  telescopic  vision  was  so  far  from  being  always 
clear  that  it  was  sometimes  even  much  worse  than  at  sea  level. 

I  have  since  come  to  the  important  conclusion  that  while  the  ordinary 
*^  boiling"  is  due  to  all  the  air  between  us  and  the  sun  or  star  through 
which  the  rays  pass,  the  greater  portion  of  it  is  due  to  the  air  imme- 
diately near  us,  probably  within  a  few  hundred  yards  or  even  feet 
from  the  telescope,  and  this  has  led  me  to  ask  w^hether  it  was  not  pos- 
sible that  some  way  to  act  upon  this  air  could  be  found.  Its  nonuni- 
fonnity  leads  to  deformations  of  the  image  too  complex  to  ai^lyze  here, 
which  are  caused  not  onlv  by  lateral  vibrations  of  the  cone  of  ravs  but 
by  its  elongation  and  contraction. 

For  this  purpose  I  have,  within  the  last  few  months,  been  making 
experiments  at  the  Smithsonian  Astrophysical  Observator}-;  first  with 
a  horizontal  tube  having  three  successive  walls  with  air  spaces  between, 
which  was  intended  to  give  the  maximum  securit}^  which  freedom  from 
changes  of  temj^erature  could  afford.  This  observator}',  being  princi- 
pally concerned  with  rays  best  studied  in  an  image  formed  by  reflection, 
has  no  large  dioptric  telescope,  on  which  account  these  experiments 
have  been  made  with  a  reflector.  I  have  no  reason  to  suppose,  liow- 
ever,  that  they  will  not  be  equally  successful  with  a  dioptric  telescope. 

A  large  part  of  the  '"boiling"  of  the  image  is  due  to  air  without  the 
tube,  but  a  not  unimportant  part  to  the  air  wnthin  it;  and  in  the  pre- 
liminary experiments  the  air,  kept  still  in  the  tube  by  treating  it  with 
the  ordinary  precautions,  was  found  to  have  little  effect  on  the  ordinary 
''boiling"  of  the  image,  which  so  seriousl}^  prejudices  thd^efinition. 
An  image-forming  mirror,  fed  by  a  coelostat,  was  placed  at  the  end  of 
this  triple-walled  tube,  which  was  itself  sheltered  by  a  canvas  tent  and 
contained  the  stillest  air  of  the  most  uniform  tempeiature  which  could 
be  obtained.  The  ''  boiling"  was  but  little  diminished  merely  by  inclos- 
ing the  beam  by  this  tube,  which  was  only  what  had  been  anticipated 
from  the  ordinar}^  experience  of  all  astronomers. 

The  device  which  I  had  determined  to  try  was  one  of  a  paradoxical 
character,  for  it  proposed  to  substitute  for  this  still  air.  which  gave 
the  usual  troubled  image,  agitated  air  which  it  was  hoped  would  give 
a  still  image/*  For  the  purpose  of  this  new  experiment,  the  horizontal 
telescope  using  a  reflector  of  40  feet  focus,  fed  by  a  coelostat  through 
the  above  tube,  was  connected  with  a  fan  run  by  an  electric  motor, 
which  was  arranged  to  draw  out  the  air  from  the  inner  tube  at  tlie 
same  time  that  it  forced  air  in  at  different  points  in  its  length,  so  as  to 

«1  may  mention  here  that  my  lamentcni  frien*!,  Henry  C\  Drajier,  once  showed  me 
that  agitating  the  contents  of  a  bisulphide  of  c-arbon  prism  improved  its  definition. 
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thus  violently  disturb  and  churn  the  air  along  all  the  path  of  the  beam 
from  the  eoelostat  to  the  solar  image. 

This  first  experiment  gi-atifyingly  reduced  the  ''boiling"  and  pro- 
duced an  incontestibly  stiller  image  than  when  still  air  was  used.  As 
a  further  test,  a  series  of  artificial  double  stars  was  now  provided,  and 
the  concave  mirror,  acting  both  as  collimator  and  objective,  brought 
the  images  to  focus,  where  they  were  examined  with  an  eyepiece. 
With  the  stillest  air  obtainable  the  images  were  not  sharp,  and  only 
the  coarsest  doubles  were  resolvable.  Then  the  blower  was  started 
and  the  definition  immediately  became  sharp.  Violently  stirring  the 
air  in  the  tube,  then,  eliminates  all  or  nearly  all  the  "boiling"  of  the 
.stellar  imayfe  which  arises  within  the  tube  itself  when  usinor  ordinarv 
still  air.  This  experiment  concerned  the  air  within  the  horizontal 
tube  onlv. 

I  have  next  taken  up  the  solar  image  formed  by  the  mirror  in  the 
above  tube.  This  is  clearly  improved  by  the  stirring.  I  have  also 
wished  to  try  a  tube  something  like  a  prolonged  dew  cap,  but  which  is 
arranged  to  be  inclined  toward  the  sun.  The  air  in  both  can  be 
stirred  together,  ])ut  experiment  has  not  3'et  gone  far  enough  to 
demonstmte  whether  it  has,  as  is  hoped,  any  superiority  commensu- 
rate with  the  special  mechanical  difficulties  involved. 

1  am  not  prepared  to  give  quantitative  estimates,  which  I  hope  to 
furnish  later,  but  all  observers  to  whom  I  have  sliown  these  earl}' 
results  on  the  sun  have  agreed,  that  if  the  '"boiling"  was  not  wholly 
cured,  what  remained  was  but  a  small  fraction  of  that  o))tained  with 
still  air.  I  have  not  completed  these  experiments,  which  I  am  still 
pursuing  at  the  observatory,  but  they  seem  to  me  to  give  promise  of 
an  improvement  of  univ^ersal  interest  to  observers,  which  justified  the 
making  of  this  early  announcement.  1  had  hoped  to  have  shown  the 
Academy  some  photographs  of  the  sun  taken,  first,  in  the  ordinary 
way,  and  again,  with  the  churned  air,  but  the  condition  both  of  the 
sun  and  of  the  sky  of  late  has  prevented  my  obtaining  them.  I  can, 
to  my  regret,  only  give  here  a' photograph  of  the  images  of  the  artifi- 
cial double  stars  as  seen  through  ordinaiy  conditions,  as  distinguished 
from  those  here  mentioned,  of  artificial  "'good  seeiYig." 
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The  property  possessed  by  certain  bodies  of  emitting  invisible  and 
penetrating  rays  was  unknown  six  years  ago.  The  speculations 
brought  about  by  the  experiments  of  M.  Roentgen  h^d  to  the  exam- 
ination of  material  bodies  to  see  if  any  of  them  had  the  power  of  emit- 
ting similar  radiations;  the  phenomenon  of  phosphorescc^nce  naturally 
was  first  thought  of,  being  a  known  method  for  the  transformation 
and  emission  of  energy.  This  idea,  however,  could  not  l)e  applied  to 
the  phenomena  with  which  we  are  occupied,  but  it  was  very  fruitful. 
It  led  to  the  choice,  among  phosphorescent  bodies,  of  the  salts  of 
uranium,  of  which  the  optical  constitution  is  remarkable  on  account 
of  the  harmonic  series  of  the  bands  of  their  absorbtion  and  phosphor- 
escent spectra.  It  was  while  experimenting  with  these  bodies  in  1896 
that  I  first  observed  the  new  phenomena  which  I  am  about  to  bring 
before  you  this  evening.  I  have  here  the  Y^lates  of  the  double  sulphate 
of  uranium  and  potassium,  obtained  by  Lipmann's  method,  which  I 
used  for  m}'^  first  experiments. 

After  having  placed  one  of  these  plates  on  the  black  paper  which 
covered  a  photographic  plate,  and  leaving  it  for  several  hours,  I 
observed  on  developing  the  plate  that  the  uranium  salt  had  emitted 
certain  active  rays,  traversing  the  black  paper,  as  well  as  various 
screens  interposed  between  the  plate  and  the  active  body,  such  as  thin 
sheets  of  glass,  aluminum,  copper,  etc.  I  soon  saw  that  this  phe- 
nomenon had  nothing  to  do  with  phosphoresence,  or  with  any  known 
method  of  excitation,  such  as  luminous  or  electric  rays,  or  any  appre- 
ciable variation  of  temperature. 

I  had  to  deal,  therefore,  with  a  spontaneous  phenomenon  of  a  new 
order.     The  absence  of  any  known  exciting  cause  on  a  body  prepared 

«  A  discourse  delivered  in  French  before  the  members  of  the  Roval  Institution, 
London,  Friday,  March  7,  1902.  Reprinted,  by  permisnion,  after  revision  of  text  by 
Professor  Becquerel,  from  translation  in  Scientific  American  Supplement,  No.  1379, 
June  7, 1902.  Illustrations  from  original  article  in  Proceedings  of  the  Royal  Institu- 
tion of  Great  Britain. 
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in  the  Liboratory  sevenil  years  aj^o,  caused  me  to  think  that  the  phe- 
nomenon would  have  been  the  same  at  anv  time  it  mij^ht  have  been 
observed;  it  should,  therefore,  be  permanent,  that  is  to  say,  there 
should  not  be  any  appreciable  weakening  after  a  ver\' long  time.  This 
is,  in  fact,  what  I  have  proved  during  the  past  six  3' ears.  I  will  show 
you  the  first  proof  I  had  of  the  spontaneity  of  the  rays;  these  ra^'s  have 
traversed  the  black  paper  which  covered  the  photographic  plate,  and 
a  thin  strip  of  copper  in  the  form  of  a  cross  (fig.  1).  Here,  again,  is 
the  radiograph,  made  about  the  same  time,  of  an  aluminum  medal, 
fig.  2;  the  unequal  absorption  of  the  different  thicknesses  has  caused 
the  appearance  of  the  effigy  thereon.  After  the  \^v\  first  observation 
I  observed  that  the  new  radiations  would  disiharw  electrified  bodies 
at  some  distance  in  the  air,  a  phenomenon  which  gives  us  a  second 
methcxl  for  studying  these  rays;  the  photographic  method  is  specially 
qualitative,  while  the  electrometer  furnishes  numerical  elements  of 
comjmrison. 

In  the  course  of  these  first  observations,  I  was  led  awav  from  the 
path  toward  which  later  experiments  brought  me  back  by  seveitil  facts, 
of  which  the  following  is  the  principal:  Having  protected  a  photo- 
graphic plate  by  means  of  a  sheet  of  aluminum  2  mm.  in  thickness, 
and  having  arranged  on  the  aluminum  several  samples  of  phosphor- 
escent powders,  placed  on  seimi^ate  plates  of  glass,  and  covered  with 
small  tul:K\s  like  clock  shades  (fig.  3),  the  photographic  proof,  obtained 
after  forty-eight  hours,  showed  silhouettes  of  the  plates  of  glass  (tig.  4), 
just  as  if  they  had  been  produced  In'  the  total  refraction  and  reflection 
of  rays  identical  with  those  of  light,  but  which  must  have  traversed 
the  2  nmi.  of  aluminum.  This  photograph  is  unique:  I  have  never 
been  able  to  reproduce  it  or  obtain  any  action  with  the  same  sample 
of  sulphide  of  calciuni,  nor  with  any  other  phosphorescent  preparation. 
At  alH>ut  the  same  time  M.  Niewenglowski  obtained  an  impression 
with  sulphide  of  calcium,  and  M.  Troost  with  hexagonal  blende.  To 
this  day  I  do  not  know  the  <'ause  of  the  activity  of  thes(»  products  or 
its  disappi^arance.  These  facts,  and  some  others,  gave  me  the  idea  that 
the  new  rays  might  be  a  transversal  movement  of  the  ether  analogous  to 
that  of  light:  l)ut  the  absence  of  refraction  and  a  large  mmiber  of  other 
experiments  made  me  abandon  this  hypothesis. 

In  this  same  .year,  ISIMI,  I  found  that  all  the  uranium  salts  emitted 
rays  of  a  similar  nature,  that  the  radiant  property*  is  an  atomic  one 
belonging  to  the  element  uranium,  and  electric  measurements  showed 
me  that  metallic  uranium  was  about  three  and  a  half  times  more  active 
in  ionizing  air  than  is  the  double  sulphate  of  uranium  and  potassium. 
The  sa/ne  method  (»nables  us  to  study  the  role  played  by  the  gjises  in 
the  discharge*,  and  to  observe  that  a  sphere  of  electrified  uranium 
retains  its  charge  in  vacuo,  while  in  air  it  loses  it.  The  rate  of  the 
fall  of  ix)tential  is  sensibly  proportional  to  the  potential  if  the  latter  is 


Fis.  1.— Reproduction  of  a  Thin  Strip  of  Coppeh,  in 
Form  of  a  Cross,  by  Rays  of  Uranium  on  a  Photo- 
graphic Plate  Wrapped  in  Black  Paper. 
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only  a  few  volts;  it  should  be  constant  and  independent  of  the  potential 
V.  hen  this  is  very  high.  Gas  rendered  conducting  by  these  rays  retains 
this  property  for  some  instants.  Between  two  conductors  maintained 
at  constant  potentials  these  rays  set  up  in  air  a  continuous  current. 

These  experiments  were  taken  up  and  elaborated  by  Lord  Kelvin  in 
181V7,  then  by  Messrs.  Beattie  and  S.  de  Smolan.  In  1899  Mn  Ruther- 
ford showed  how  the  phenomena  due  to  the  conductivity  communicated 
to  gases  b\'  uranium,  and  the  existence  of  a  maximum  in  the  current 
produced,  could  be  explained  by  the  hypothesis  of  ionization,  to  which 
the  beautiful  work  of  Mr.  J.  J.  Thomson  has  given  the  seal  of  authority. 

In  1898  M.  Schmidt  and  Mme.  Curie  observed,  quite  independently, 
that  thorium  has  ^properties  analogous  to  those  of  uranium,  properties 
which  were  specially  examined  by  Mr.  Owens  and  Mr.  Rutherford. 
Mme.  Curie  having  measured  the  ionizing  activity  of  a  large  number 
of  minerals  containing  uranium  or  thorium,  announced  the  remarkable 
fact  that  several  minerals  were  more  active  than  metallic  ui-anium. 
M.  and  Mme.  Curie  concluded  that  there  must  be  a  more  active  body 
than  uranium  in  the  mineral,  and  they  undertook  the  task  of  isolating  it. 

By  treating  one  of  the  most  active  of  these  minerals,  viz,  pitchblende 
from  Joachimstal,  the}^  first  separated  an  active  bismuth,  to  which 
they  gave  the  name  of  polonium,  then  shortly  afterward  they  obtained 
a  very  active  barium  containing  a  new  element,  radium. 

These  bodies  are  prepared  by  fractional  precipitations,  in  which  one 
is  guided  by  the  indications  of  the  electrometer;  the  activity  of  these 
products  is  100,000  times  greater  than  that  of  uranium. 

About  the  same  time  M.  Giesel  succeeded  in  preparing  some  very 
active  substances,  and  in  1900  M.  Debierne  announced  the  existence  of 
a  new^  element,  actinium,  about  which,  however,  we  have  not  heard 
many  particulars.  Of  all  these  new  bodies  radium  alone  is  character- 
ized as  a  new  element;  it  has  an  emission  spectrum  consisting  of  lines 
which  do  not  belong  to  any  other  known  body,  and  the  atomic  weight 
of  the  ac^tive  salts  of  barium  was  found  to  increase  with  the  proportion 
of  radium  present. 

The  ac»tivity  of  uranium  was  not  sufficient  to  excite  phosphorescence 
in  other  bodies;  M.  and  Mme.  Curie,  however,  observed  this  phenom- 
enon with  the  rays  from  radium,  and  further,  that  the  salts  of  radium 
were  themselves  luminous,  their  luminosity  being,  like  their  mdio- 
activit} %  spontaneous.  The  activity  of  'radium  produces  various 
clieniical  reactions;  it  colors  glass,  it  transforms  oxygen  into  ozone, 
it  changes  white  phosphorus  to  red,  it  ionizes  not  only  gases  but  also 
liquids,  such  as  petroleum  and  liquid  air,  and  insulating  solid  bodies, 
such  as  paraffin,  developing  in  this  latter  body  a  residual  conductivity 
which  lasts  a  long  time  after  the  rays  have  ceased  to  act.  It  also 
causes  on  oi'ganic  tissues  serious  })urns  analogous  to.  those  produced 
oy  X-rays. 
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The  sample  of  radium  that  M.  and  Mme.  Curie  hiive  l(^nt  me  for  the 
purpose  of  this  leeture  enables  me  to  show  3'ou  a  few  of  these  phe- 
nomena— ionization  of  the  air,  luminosity,  and  phosphoreseenee. 

I  have  obsen^ed  by  means  of  the  photograph  I  now  show  {6fr.  5), 
that  the  radio-activity  of  polonium  will  not  traverse  a  thin  sheet  of 
black  paper  forming  a  small  cylinder  closed  by  aluminium  or  mica, 
and  at  the  bottom  of  which  was  placed  the  powdered  material.  The 
rays  from  radium  easily  pass  through  this  envelope.  We  shall  see 
that  still  more  profound  differences  exist  between  these  two  kinds  of 
ravs. 

The  radio-activity  of  radium  restores  to  certain  crystals  and  to  glass 
the  property  of  becoming  phosporescent  by  heat,  which  they  have  lost 
owing  to  a  previous  elevation  of  temperature. 

The  phenomena  of  absorption,  examined  either  by  means  of  photog- 
raphy, by  phosphorescence,  or  by  ionization  of  the  air,  showed  the 
heterogeneity  of  the  class  of  radiations  emitted.  Subsequent  observ- 
ations have  enlarged  the  field  of  this  research. 

Toward  the  end  of  the  vear  1899  M.  Giesel,  and  then  MM.  Mever 
and  Schweidler,  observed  that  the  i-ays  of  radio-active  preparations 
were  deviated  by  a  magnetic  field  in  the  same  manner  as  are  the 
cathodic  rays.  For  my  part,  at  about  the  same  time,  without  having 
heard  of  these  experiments,  I  obser\'ed  the  same  phenomenon  with 
radium.  The  experiment  can  be  made  in  the  following  manner:  A 
small  paper  box  containing  a  few  grains  of  the  radio-active  body  is 
placed  horizontally  on  a  photographic  plate  covered  with  black  pap<*r, 
between  the  poles  of  a  magnet;  the  rays  are  thrown  entirely  to  one 
side  of  the  plate.  I  here  show  my  two  first  photographs,  one  of  which 
shows  a  concentration  on  one  pole  of  the  magnet. 

Very  shortly  afterwards  I  observed  that  the  rays  from  polonium  are 
not  deviated,  and  consequently  that  two  kinds  of  ra3's  exist,  one  devi- 
able  and  the  other  nondeviable.  M.  and  Mme.  Curie  have  made  an 
electric  examination  of  this  subject,  which  has  proved  the  simultaneous 
existence  of  these  two  kinds  of  raj's  in  the  radio-activity  of  radium, 
their  unequal  permeability  varying  with  the  distance  from  the  absorb- 
ing screens.  The  accompanying  photograph  (fig.  i\)  shows  thest^  two 
kinds  of  ravs  from  radium.  I  have  i^ecentlv  observed  that  uranium 
emits  only  de viable  i-ays— that  is,  saving  the  existence  of  much  less 
active,  nondeviable  rays.  In  fact,  there  does  exist  a  third  kind  of 
rays  which  are  not  deviable,  but  are  extremely  i)enetrating;  they  have 
been  shown  more  particularly  by  M.  Villard. 

Thus  the  activity  of  radio-active  bodies  comprises  three  kinds  of 
rays — rays  which  are  deviable  in  a  magnetic  field,  which  appear  to  l)e 
identical  with  cathodic  rays,  and  two  soils  of  nondeviable  rays,  one 
kind  being  verj'  easily  absorbed,  the  other  resembling  X-rays  and 


Fig.  5.— Compabison  of  Ravs  of  Uranium.  Radium,  and  Poloni 
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being  very  penetrating.  Uranium  emits  principally  the  first  kind, 
polonium  gives  only  the  second,  and  radium  gives  all  three  at  once.  ^ 

Let  us  now  return  to  deviable  mys;  the  material  theory  of  Sir 
William  Crookes  and  Mr.  J.  J.  Thomson  can  be  applied  to  them,  and 
the  consequences  can  be  verified  with  the  greatest  facilit}'.  In  a  uni- 
form magnetic  field  the  trajectories  perpendicular  to  the  field  arc  cir- 
cumferential to  the  path  p  which  leads  the  rays  to  the  point  of  emis- 
sion. For  an  oblique  emission  making  an  angle  with  the  field,  the 
trajectories  are  helices  enveloping  the  cylinders  with  rays  p  sin  a. 
By  placing  on  a  horizontal  photographic  plate  parallel  to  the  unifprm 
field,  a  small  lead  box  containing  a  few  grains  of  radiferous  barium 
fofming  a  source  of  very  small  diameter,  the  rays  are  drawn  down  to 
the  plate,  and  excite  it  on  one  side  alone;  a  bundle  of  simple  rays 
emitted  in  the  plane  normal  to  the  plate  and  parallel  to  the  field  should 
show  theoreticall}'  an  arc  of  an  ellipse  of  which  the  axes  are  in  the 
proportion  of  2  and  tt.  The  accompanying  photograph  (fig.  7)  shows 
these  theoretical  arcs,  obtained  b}^  reversing  the  direction  of  the  field, 
the  one  in  air  and  the  other  in  vacuo,  on  a  photographic  plate  envel- 
oped in  ))lack  paper;  the  intensity  of  the  magnetic  field  was  about 
4,000  C.  G.  S.  units. 

If  we  do  not  inclose  the  photographic  plate,  and  if  we  arrange  on  it 
sevci^al  strips  of  paper  or  of  metal  to  form  screens,  we  observe  in  the 
print  of  the  radio-activity  dispersed  by  the  magnetic  field,  a  species  of 
absorption  spectra.  Each  trajectory  has  a  different  curvature  corre- 
sponding to  I'ays  of  different  speeds  and  having  different  penetrating 
powers. 

Here  is  an  example  of  one  of  these  prints,  obtained  in  a  field  of 
about  1,740  C.  G.  S.  units;  the  screens  are  a  strip  of  black  paper,  a 
strip  of  aluminum  of  0.1  mm.  thickness,  and  a  strip  of  platinum  of 
0.03  mm.  thickness  (fig.  8).  To  obtain  a  pure  spectrum  so  that  at  each 
point  of  the  plate  a  bundle  of  rays  are  found,  of  which  the  trajectories 
have  all  the  same  curvature,  the  rays  should  be  made  to  issue  from 
the  source  so  as  to  pass  through  a  small  round  opening;  the  result  is 
the  same  as  the  preceding  one  (%.  C).  This  latter  also  shows  a  very 
intense  impression,  due  to  the  secondary  raj^s,  provoked  by  the  rays 
which  were  stopped  by  the  lead  cover  over  the  active  body,  and  in 
which  was  made  a  small  opening  through  which  the  pure  spectrum 
passed.  The  absorption  varies  with  the  distance  of  the  screen  from 
the  active  body,  and  the  rays  which  are  stopped  b}^  a  screen  pkced  on 

«  Rccemment,  Mr.  Rutherford  a  reconnu  par  la  in^thode  t'lectrique  que  les  rayons 
touH  al)sorbable8,  qu'il  a  appalls  rayons  a,  ^'taient  faiblement  dt'vi^s  en  sens  con- 
traire  des  rayons  cathodiques,  et  assimilablcis  aux  Kanalstrahlen.  J'ai  pu,  de  inon 
c6t^,  mesurer  cette  deviation  par  la  m^thode  ph olograph ique,  et  montrer  que  les 
rayons  de  polonium  pont  identiques  aux  rayons  a  du  radium.  (Note  by  Professor 
B^uerel  March  1 1 ,  1903. ) 
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the  plate  are  able  to  tmversc  this  same  screen  when  it  is  interposed  at 
a  point  near  their  source. 

These  experiments  leave  no  doubt  as  to  the  identity  of  the  deviahle 
rays  with  cathodic  rays.  However,  it  was  necessary  to  prove  that 
the}'^  carry  charges  of  negative  electricity,  and  that  they  are  deviated 
bv  an  electric  field. 

M.  and  Mme.  Curie,  in  a  beautiful  experiment,  have  shown  that 
the  rays  of  radium  charge  negatively  the  bodies  that  receive  them, 
and  that  the  source  becomes  charged  positivel3^  For  this  double 
experiment  it  is  necessary  that  all  the  conductors  and  the  source  itself 
be  completely  enveloped  in  an  insulating  material,  such  as  pai'affin. 
For  the  active  bod 3^  examined  the  charge  was  4.10"^^  C.  G.  S.  units 
per  square  centimeter  of  radiating  surface  per  second. 

For  my  part,  I  have  shown  and  measured  the  electrostatic  deviation 
by  projecting  the  deviated  shadow  of  a  screen  placed  perpendicular  to 
the  field,  on  a  photographic  plate.  One  of  these  apparatus  is  here 
shown  (fig.  10),  as  well  as  one  of  the  prints  obtained  (fig.  11),  in  which 
on  the  two  halves  of  the  same  plate  appear  the  two  deviated  shadows 
corresponding  to  the  reversal  of  the  electric  field,  of  which  the  inten- 
sity was  1.02  :  10''^ 

The  ballistic  hypothesis  attributes  these  phenomena  to  material 
masses  transporting  charges  of  negative  electricity  with  very  great 
rapidity.  Let  7/1  be  the  material  mass  of  a  particle,  e  its  charge,  and 
V  its  velocity.  We  know  that  in  a  magnetic  field  of  an  intensity 
//,  the  radius  of  curvature  p  of  the  circular  trajectory  is  given  b}^  the 

e(  I  nation  J/p  =       v.     The  numerical  value  of  the  product  Jfp  serves 

to  show  the  character  of  each  simple  ra\\  On  the  other  hand,  in  an 
electric  field  of  an  intensity  J^,  the  parameter  of  the  pambolic  traject- 

or}'    is  -'^   l^,.     The  knowledge  of  these  two  values  gives  —  and   ?'. 

With  a  value  of  Up  =  1,550  I  obtained  approximately  t'  —  2.21X10'®, 

and  -=1.42x10'.     These  figures  are  entirelv  of  the  same  order  in 

value  as  those  which  led  to  the  measurements  made  with  cathodic  ravs, 
and  the  theoretical  considerations  with  regard  to  Zeeman's  experiment. 

From  the  above  figures  we  deduce  that,  from  the  fact  of  the  deviable 
radio  activity  under  consideration,  there  escapes  from  each  square 
centimeter  of  radio-active  surface  1.2  milligrams  of  matter  in  a  thou- 
sand million  vears. 

13y  extending  these  measurements  to  radiations  of  different  and 

well-known  natures,  we  ought  to  be  al)le  to  determine  if  the  relation  — 

m 

is  constant,  or  variable  with  one  ray  or  another,  and  whether  these  do 

not  differ  only  in  their  speeds;  1  have  not  \Qi  finished  the  experiments 

I  undertook  to  decide  this  fundamental  question,  but  recently  M* 
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Kaufmann  has  attempted  to  elucidate  the  matter.  H^  combined,  at 
right  angles,  the  magnetic  and  the  electric  actions;  unfortunateh-,  the 
experiment,  which  is  very  difficult  to  perform,  did  not  give  him  one 
plate  fit  to  measure.     For  the  values  of  /7p  comprised  between  1,800 

and   4,600,  he   found   that   the   relation  —  varied  from   1.8  :  10%  to 

til 

0.6  :  10^  and  the  speed  v  from  2.3  ;  10*'  to  2.8  :  10*'. 

The  proof  of  a  regular  variation  in  the  calcHilated  relation  --  is  of 

considerable  theoretical  importance;  if  this  relation  was  constant,  as  it 
seemed  to  be  as  i  h  >  result  of  a  large  number  of  measurements,  we 
might  conclude  that  the  slightl}^  de viable  vvLy^^^  for  which  Up  is  more 
than  5,00(J,  have  speeds  considerably  greater  than  that  of  light. 

On  the  other  hand,  theoretical  considerations  have  giv^n  the  idea 
that  the  speed  could  not  surpass  that  of  the  propagation  of  electro- 
magnetic disturbances ^-that  is  to  say,  the  speed  of  light — and  we  have 
been  led  to  consider  the  mobile  masses  in  a  magnetic  fie^ld  as  endowed 
with  a  particular  inertia,  which  is  a  function  of  the  speed.  Under 
these  conditions  the  calculated  mass  ought  to  be  apparent,  or  at  least 
partly  so,  and  it  should  increase  indefinitely  as  the  actual  speed 
approaches  that  of  light.  The  figures  published  })v  M.  Kaufmann 
bear  out  this  h}  pothesis. 

Another  consequence  of  this  manner  of  looking  at  the  question 
would  be  that  there  should  be  continuity  between  the  de  viable  I'ays 
and  those  which  are  not,  as  the  radius  of  curvature  of  the  trajectories 
becomes  infinite  at  the  same  time  as  the  apparent  mass. 

The  photographic  print  already  mentioned  (fig.  6),  as  well  as  one  of 
the  following  ones  (tig.  13),  bowed,  on  the  contrary,  a  very  distinct 
discontinuity,  although  in  the  second  one  the  exposure  was  sufficiently 
prolonged  for  the  impression  of  the  least  active  rays,  such  as  the 
penetrating  nondeviable  ones,  to  be  distinctly  visible. 

This  proof  was  obtained  in  the  following  manner:  In  the  uniform 
magnetic  field  of  a  permanent  magnet  I  placed,  normally  to  the  field,  a 
photographic  plate;  then  on  this  latter  I  arranged  screens  of  lead  fixed 
on  a  sheet  of  glass,  as  shown  in  fig.  12.  These  screens  are  pierced 
with  openings  normal  to  the  plate,  and  destined  to  limit  the  width  of 
the  beam;  in  the  path  of  these  beams  I  arranged  otlier  screens,  such  as 
aluminium  ones.  Below  the  plate  opposite  a  narrow  slit  in  a  strip  of 
lead  a  small  block  of  lead  is  placed  having  a  deep  cavity  normal  to  the 
plate,  and  in  which  the  radiant  body  is  placed.  We  have  thus  a  nar- 
row linear  source  normal  to  the  plate  and  several  millimeters  in  length. 
The  cavity  is  covered  with  a  thin  sheet  of  aluminium  to  stop  the  light 
ravs. 

ft' 

The  figure  represents  a  section  made  normally  to  the  field  of  the 
beam,  of  which  a  part  is  deviated.  Each  beam  corresponding  to  a 
determined  speed  gives  an  impression  which  is  noticeably  curved,  as  if 
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tho  entire  ti-ajectory  was  marked  on  the  plate.  In  these  photographs 
(he  interior  of  the  cylinders  forminjr  the  2iCTeen«  is  strongly  atfeeted 
by  the  secondary  emission  from  the  lead.  The  tirst  picture  (fig.  13) 
shows  that  through  each  opening  there  passes  an  infinity  of  rays,  con- 
stituting portions  of  the  pure  spectra.  These  meet  with  a  strip  of 
aluminium  0.1  mm.  in  thickness,  and  traverse  it  without  deviation, 
but  not  all  with  equal  facility.  The  slightly  deviated  rays  are  pene- 
trating, and  excite  secondary  radiations  when  leaving  the  aluminium. 
The  very  de viable  rays  ai"e  stopped  and  give  rise  to  points  affected  by 
iin  intense  secondary  radiation. 

One  only  of  the  two  categories  of  nonde viable  rays  appears  in  the 
I'orm  of  two  tine  lines  opposite  the  source;  these  are  very  penetrating 
rays,  the  others  were  arreste<l  (^uite  near  the  source. 

Another  picture  (tig.  14)  shows  the  simple  beam  obtained  by  a  double 
series  of  openings;  by  one  of  them  we  can  sometimes  pass  two  distinct 
trajectories. 

The  third  tigure  is  of  interest,  as  it  shows  the  sti'aight  beam  ti*avers- 
ingy  without  deviation,  a  sheet  of  aluminium  placed  obliquely  to  the  line 
of  trajectory;  and,  tinallv,  the  fourth  one  shows  the  transmission  of 
simple  rays  through  aluminiuiu,  and  the  secondary  effects  they  produce. 

The  same  method  htis  enabled  me  to  observe  that  the  secondary  ra^'s 
were  themselves  deviated  by  the  masfnetic  field  in  the  same  way  as 
the  exciting  rays. 

The  i-adiations  fn^m  radium  also  comprise  some  which  are  very  pene- 
trating, consisting  of  the  least  deviable  and  the  nondeviable  rays,  of 
which  the  properties  seem  to  be  the  same  as  SOntgen  rays.  These 
penetrating  rays  are  but  very  slightly  absorbed,  and  consequently 
their  action  on  a  photographic  plate  or  on  the  air  is  very  feeble,  so 
that  by  the  preceding  methods  we  can  get  no  very  exact  idea  of  their 
intensity.  If  we  interpose  in  their  path  a  very  aljsorbent  screen,  they 
ti  averse  it  partially,  but  at  the  simie  time  they  l)ecome  partially  trans- 
formed into  more  absorltable  ravs.  This  transformation  recalls  that 
of  flu()res<*ence,  and,  through  the  secondary  action,  the  effect  immedi- 
ately l)ehind  the  screen  is  stronger  than  if  this  latter  was  not  there. 
The  photographic  plate  receiving  the  radiations— filtered  through  a 
thickness  of  lead  of  1  cm. — gives  a  stronger  impression  through  a 
sheet  of  lead  of  1  mm.  thickness  than  in  the  uncovered  regions.  The 
diagram  (fig.  15)  shows  the  effect  of  the  radiations  coming  from  the 
sides  of  a  leaden  lx)x  after  liaving  traversed  5  to  12  mm.  of  the  metal. 

The><»  secondary  phenomena  may  partially  account  for  the  appearance 
of  shadows  given  by  the  edges  of  all  the  trans{)arent  screens  placed 
over  the  photographic  plates. 

Alf  the  facts  I  have  just  related  have  exclusively  to  do  with  the 
obscure*  radiations  which  traverse  opaque  bodies,  such  as  metal,  glass, 
mica,  etc.  But  there  exists  also  another,  quite  different,  phenomenon, 
of  which  the  effects  are  arrested  by  glass  and  mica;  they  are  compar- 
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able  to  those  produced  b}-  a  vapor  of  a  special  nature.  This  phenome- 
non was  discovered  in  1899  by  Mr.  Rutherford  and  })y  M.  and  Mnie. 
Curie  simultaneously. 

Mr.  Rutherford,  while  examininjjf  the  radiations  from  thorium, 
observed  that,  besides  the  ordinary  rays,  there  was  another  effect  pro- 
duced b}'  an  ''emanation"  consisting  of  a  sort  of  vapor  ionizing  the 
air.  This  vapor  is  deposited  on  bodies,  principally  those  electrified 
negatively,  and  makes  them  momentarily  radio-active.  Mr.  Ruther- 
ford made  some  very  interesting  measurements  of  this  phenomenon. 

At  the  same  time,  M.  and  Mme.  Curie  discovered  that,  under  the 
influence  of  radiunt,  bodies  became  temporarily  radio-active.  This  is 
not  the  secondary  effect  already  described,  but  a  persistent  phenome- 
non which  disappears  comparatively  slowly  from  the  moment  when 
the  action  of  the  radium  ceases.  M.  Curie  has  called  this  ''  induced 
radio-activity,"  and  has  made  a  very  complete  examination  of  it.  He 
has  observed  that  the  phenomenon  is  produced  with  great  intensity  in 
a  close  space,  that  induced  activity  is  the  same  on  all  bodies  and  prac- 
ticall}^  independent  of  the  pressure  inside  the  inclosed  space,  but  that 
the  phenomenon  is  not  produced  if  we  maintain  a  complete  vacuum  by 
removing  the  gases  produced;  solutions  of  salts  of  radium  produce  the 
same  effect  with  greater  intensity  than  the  solid  salts.  Liquids,  water 
of  crystallization  extracted  from  active  salts,  or  the  water  separated 
xfrom  an  active  solution  by  a  semipermeable  membrane  of  celluloid, 
remain  strongly  radio-active;  it  is  the  same  with  the  gases.  These 
excited  bodies  produce  the  same  effects  as  radium;  they  emit  a  pene- 
ti'ating  ray  which  traverses  the  glass  vessels  which  contain  them  and 
makes  these  latter  luminous.  Induced  activity  is  gradually  propagated 
in  gases  in  a  scaled  tube,  even  thrpugh  capillary  tubes  and  imperceptible 
Clucks;  bodies  are  excited  the  more  as  the  volume  of  gas  is  greater  in 
proportion  to  their  surface.  Phosphorescent  bodies  become  luminous 
when  excited.  In  a  recent  work  MM.  Elster  and  Geitel  have  observed 
that  atmospheric  air  has  properties  analogous  to  those  of  excited  gases, 
and  M.  Geitel  has  been  able  to  collect  on  wires,  negatively  electrified, 
tiuces  of  radio-active  products.  The  cause  of  this  radio-activity  is  a 
problem  of  the  greatest  interest. 

Finali}^  there  is  a  remarkable  method  of  induction,  w^hich  is  of  such 
a  nature  as  to  demand  the  greatest  reserve  in  the  conclusions  which 
might  be  formulated  relative  to  the  presence  of  new  elements  in  radio- 
active bodies.  Everv  inactive  substance  which  has  been  added  to  a 
.solution  of  a  uranium  or  radium  salt,  and  which  has  subsequently 
been  removed  b}^  precipitation,  has  become  radio-active,  and  loses  this 
radio-activity  very  slowly.  This  fact  was  first  observed  by  M.  Curie 
and  M.  GiCvSel,  who  rendered  bismuth  radio-active  in  this  manner. 
In  the  case  of  uranium,  a  trace  of  barium,  precipitated  in  the  form  of 
sulphate,  became  notably  more  active  than  the  uranium;  l)arium  thus 
excited  emits  only  deviable  rays  like  uranium. 
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After  this  precipitation  the  uranium  salt  brought  back  to  the  solid 
state  is  less  radio-active  than  before;  this  loss  of  I'adio-activity  can 
even  be  accentuated  by  successive  operations,  but  the  products  gradu- 
ally and  spontaneously  regain  their  original  activity.  The  temporary 
diminution  of  activity  after  solution  is  a  general  fact  for  salts  of 
uranium  and  radium.  With  salts  of  actinium  M.  Debierne  has  com- 
muni(»ated  a  very  great  activity  to  barium.  The  barium  thus  excited 
can  l)e  separated  from  inactive  barium;  it  can  be  fractioned  like  radif- 
erous  chloride  of  >)arium,  the  most  active  portions  being  the  least 
soluble  in  water  and  hvdroc^hloric  acid.  M.  Debierne  in  this  manner 
obtained  a  product  a  thousand  times  more  active  than  uranium. 
Barium  thus  excited  behaves  as  a  false  radium,  but  it  differs  from  the 
true  radium  in  the  absence  of  the  spectrum  and  in  gradually  losing  its 
power  with  time. 

Among  the  radio-active  preparations  a  large  number  may  be  ttun- 
porarily  excited  bodies.  Such  is  the  case  with  '''polonium/'  which  is 
apparently  only  excited  bismuth. 

Uranium  and  radium  are  characterized  by  their  emission  spectra 
and  b}'  the  stability  of  their  radio-activity.  The  s{K)ntaneous  growth 
that  is  observed  in  the  salts  deposited  by  the  solutions**  might  find  an 
explanation  in  a  phenomenon  of  auto-induction  of  the  active  molecules 
on  the  inactive  one  thev  are  associated  with. 

The  origin  of  the  radiant  energy  of  these  radio-active  bodies  is  still 
an  enigma.  B}'  the  material  hypothesis  it  does  not  appear  unreason- 
able, by  applying  the  phenomenon  of  the  evaporation  of  an  odorifer- 
ous body  to  compare  the  emanation  to  a  sort  of  gas  of  which  the 
molecules  would  have  masses  of  the  same  order  of  size  as  electrolvtic 
ions,  and  to  identify  the  radiations  with  the  cathodic  ra3's  resulting 
from  the  dislocation  of  these  ions  and  causing  at  the  same  time  the 
emission  of  X-rays.  We  might  thus  ascribe  the  expenditure  of  energy 
to  the  dissipation  of  active  matter.  Although  this  hypothesis  will 
account  for  most  of  the  known  facts,  still  there  does  not  exist  any 
precise  experiment  which  sanctions  it. 

I  must  not,  however,  dwell  longer  on  this  subject,  of  which  1  have 
incompletely  summarized  the  prcvsent  position,  by  emphasizing  the 
physical  part,  which  comes  more  especially  within  my  province, 
although  the  chemical  side  has  given  rise  to  work  of  the  greatest 
interest. 

These  questions  have  raised  new  hopes  on  the  transformation  of 
mattei'.  IVsides  the  exceptional  conditions  under  which  they  enable 
us  to  examine  the  cathodic  ravs,  thev  have  liaised,  and  continue  to 
raise,  fresh  i)roblems  every  day  of  which  the  first  and  most  mysteri- 
ous is  the  spontaneity  of  the  radiations. 

a  *'  L'accroLssenieiit  spoutAne  que  Ton  observe  Bur  lea  sels  drposee  des  duseolutioiis.*' 
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HISTORY  OF  COLD  AND  THE  ABSOLUTE  ZERO.« 


By  Prof.  James  Dewar,  M.  A.,  LL.D.,  D.  Sc,  F,  R.  S. 


It  wa8  Tyndall's  good  fortune  to  appear  before  you  at  a  moment 
when  a  fruitful  and  comprehensive  idea  was  vivifying  the  whole 
domain  of  scientific  thought.  At  the  present  time  no  Huch  broad  gen- 
eralization presents  itself  for  discussion,  while,  on  the  other  hand,  the 
number  of  specialized  studies  has  enormously  increased.  Science  is 
advancing  in  so  bi  oad  a  front  by  the  efforts  of  so  great  an  army  of 
workers  that  it  would  be  idle  to  attempt,  within  the  limits  of  an 
address  to  the  most  indulgent  of  audiences,  anything  like  a  survey 
of  chemistry  alone.  But  1  have  thought  it  might  be  instructive,  and 
perhaps  not  uninteresting,  to  tmce  briefly  in  broad  outline  the  devel- 
opment of  that  branch  of  study  with  which  my  own  labors  have  been 
recently  more  intimately  connected — a  study  which  I  trust  I  am  riot 
too  partial  in  thinking  is  as  full  of  philosophical  interest  as  of  experi- 
mental difliculty.  The  nature  of  heat  and  cold  must  have  engaged 
thinking  men  from  the  ver}^  earliest  dawn  of  speculation  upon  the 
external  world;  but  it  will  suffice  for  the  present  purpose  if,  dis- 
regarding ancient  philosophers  and  even  medieval  alchemists,  we 
take  up  the  subject  where  it  stood  after  the  great  revival  of  learn- 
ing, and  as  it  was  regarded  by  the  father  of  the  inductive  method. 
That  this  was  an  especially  attractive  subject  to  Bacon  is  evident 
from  the  frequency  with  which  he  recurs  to  it  in  his  different 
works,  always  with  lamentation  over  the  inadequacy  of  the  means 
at  disposal  for  obtaining  a  considerable  degree  of  cold.  Thus, 
in  the  chapter  in  the  Natural  History,  ''Sylya  Sylvarum,"  entitled 
"'Experiments  in  consort  touching  the  production  of  cold,"  he  says, 
^''The  production  of  cold  is  a  thing  very  worthy  of  the  inquisition  both 
for  the  use  and  the  disclosure  of  causes.  For  heat  and  cold  are  nature's 
two  hands  whereb}'  she  chiefly  worketh,  and  heat  we  have  in  readiness 
in  respect  of  the  fire,  but  for  cold  we  must  stay  till  it  cometh  or  seek 

« Presidential  address  before  Rritish  Asscnnation  for  the  Advancement  of  Science, 

at  Belfa.st  meeting,  1902,  reprinted,  after  revision  by  the  author,  from  pamphlet  copy 

of  the  address.     The  introductory  part  of  the  address,  relating  to  <)thf»r  topics,  is 

omitted. 
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it  in  d<H*p  caves  or  hit'-h  mountains,  and  when  all  is  done  we  can  not 
obtain  it  in  any  great  degree,  for  furnaces  of  tire  are  far  hotter  than 
a  .summer  sun,  but  vaults  and  hills  are  not  much  colder  than  a  winter's 
frost/'  The  gn^at  Robert  Boyle  wa;  the  first  experimentalist  who 
followed  up  Bacon's  suggestions.  In  l<>.s2  Boyle  read  a  paper  to  the 
RoN'al  ISocietv  on  ^"New  experiments  and  obser\'ation3  touching  cold, 
or  an  ex|>erimental  historj'  of  cold/'  published  two  years  later  in  a 
separate  work.  This  is  really  a  most  complete  history  of  everything* 
known  about  cold  up  to  that  date,  but  its  great  merit  is  the  inclusion 
of  numerous  experiments  made  by  Boyle  himself  on  frigorific  mix- 
tures and  the  general  effects  of  such  upon  matter.  The  agency  chiefl}' 
used  ])y  I^yle  in  the  conduct  of  his  experiments  was  the  glaciating* 
mixture  of  snow  or  ice  and  salt.  In  the  course  of  his  experiments  he 
made  many  important  olwer\ations.  Thus  he  observed  that  the  salts 
which  did  not  help  the  snow  or  ice  to  dissolve  faster  gave  no  effective 
freezing.  He  showed  that  water  in  becoming  ice  expands  by  about 
one- ninth  of  its  volume,  and  bursts  gun  baiTels.  He  attempted  to 
counteract  the  expansion  and  prevent  freezing  by  completely  filling  a 
strong  iron  ball  with  water  before  cooling,  anticipating  that  it  might 
burst  the  bottle  by  the  stupendous  force  of  expansion,  or  that  if  it  did 
not,  then  the  ice  produced  might  under  the  circumstances  be  heavier 
than  water.  He  speculated  in  an  ingenious  way  on  the  change  of 
water  into  ice.  Thus  he  sa^s,  ''If  cold  ]>e  but  a  privation  of  heat 
through  the  recess  of  that  ethereal  substance  which  agitated  the  little 
eel-like  particles  of  the  water  and  thereby  made  them  compose  a  fluid 
body,  it  ma}'  easily  be  conceived  that  they  should  remain  rigid  in  the 
postures  in  which  the  ethereal  substance  quitted  them,  and  thereby 
compose  an  unfluid  body  like  ice;  3'et  how  these  little  eels  should  by 
that  recess  uc(|uire  Jis  strong  an  endeavor  outward  as  if  the}'  were  so 
many  little  springs  and  expand  themselves  with  so  stupendous  a  force, 
is  that  which  does  not  so  readily  appear."  The  greatest  degree  of 
adventitious  cold  Boyle  was  able  to  produce  did  not  make  air  exposed 
to  its  action  lose  a  full  tenth  of  its  own  volume,  so  that,  in  his  own 
words,  the  cold  does  not  '•  weaken  the  spring  by  anything  near  so  con- 
siderable* as  one  would  expect."  After  making  this  remarkable  obser- 
vation and  commenting  upon  its  unexpected  nature,  it  is  strange  Boyle 
did  not  follow  it  up.  He  cjuestions  the  exist<?nce  of  a  body  of  its  own 
nature  supremel}'  cold,  bj'  participating  in  which  all  other  bodies 
obtain  that  (juality,  although  the  doctrine  of  a  primum  frigidum  had 
been  accepted  by  many  sects  of  philosophei's;  for,  as  he  says,  '"if  a 
body  iHMng  cold  signify  no  more  than  its  not  having  its  sensible  parts 
so  nmch  agitated  as  those  of  our  sensorium,  it  suffices  that  the  sun  or 
the  fire  or  some  other  agent,  whatever  it  were,  that  agitated  more 
vehemently  its  parti*  before,  does  either  now  cease  to  agitate  them  or 
agitates  them  but  very  i-emissly,  so  that  till  it  be  determined  whether 
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cold  be  a  positive  quality  or  but  a  privative  it  will  be  needless  to  con- 
tend what  particular  body  ought  to  be  esteemed  the  primum  f  rigidum." 
The  whole  elaborate  investigation  cost  Boyle  immense  labor,  and  he 
confesses  that  he  ^' never  handled  any  part  of  natural  philosophy  that 
was  so  troublesome  and  full  of  hardships."  He  looked  upon  his 
results  but  as  a  ''beginning"  in  this  field  of  inquiry,  and  for  all  the 
trouble  and  patience  expended  he  consoled  himself  with  the  thought 
of  ''men  being  oftentimes  obliged  to  suffer  as  much  wet  and  cold  and 
dive  as  deep  to  fetch  up  sponges  as  to  fetch  up  pearls."  After  the 
masterly  essay  of  Boyle  the  attention  of  investigators  was  chiefly 
directed  to  improving  thermometrieal  instruments.  The  old  air  ther- 
mometer of  Galileo  being  inconvenient  to  use,  the  introduction  of 
fluid  thermometers  greatly  aided  the  inquiry  into  the  action  of  heat 
and  cold.  For  a  time  great  difficulty  was  encountered  in  selecting 
proper  fixed  points  on  the  scales  of  such  instruments,  and  this  stimu- 
lated men  like  Huygens,  Newton,  Hooke,  and  Amontons  to  suggest 
remedies  and  to  conduct  experiments.  By  the  beginning  of  the  eight- 
eenth century  the  freezing  point  and  the  boiling  point  of  water  were 
agreed  upon  as  fixed  points,  and  the  only  apparent  difliculties  to  be 
overcome  were  the  selection  of  the  fluid,  accurate  calibration  of  the 
capillary  tube  of  the  thermometer,  and  a  general  understanding  as  to 
scale  divisions.  It  must  be  confessed  that  great  confusion  and  inac- 
curac3'  in  temperature  observations  arose  from  the  variety  and  crude- 
ness  of  the  instruments.  This  led  Amontons  in  1702-3  to  contribute 
two  papers  to  the  French  Academy  which  reveal  great  originality  in 
the  handling  of  the  subject,  and  which,  strange  to  say,  are  not  gener- 
ally known.  The  first  discourse  deals  with  some  new  properties  of 
the  air  and  the  means  of  accurately  ascertaining  the  temperature  in 
any  climate.  He  regarded  heat  as  due  to  a  movement  of  the  particles 
of  bodies,  though  he  did  not  in  an}^  way  specify  the  nature  of  the 
motion  involved,  and  as  the  general  cause  of  all  terrestrial  motion,  so 
that  in  its  absence  the  earth  would  be  without  movement  in  its  smallest 
parts:  The  new  facts  he  records  are  observations  on  the  spring  or 
pressure  of  air  brought  about  by  the  action  of  heat.  He  shows  that 
different  masses  of  air  measured  at  the  same  initial  spring  or  pres- 
sure, when  heated  to  the  boiling  point  of  water,  acquire  equal  incre- 
ments of  spring  or  pressure,  provided  the  volume  of  the  gas  be  kept 
at  its  initial  value.  Further,  he  proves  that  if  the  pressure  of  the 
gas  before  heating  be  doubled  or  tripled,  then  the  additional  spring 
or  pressure  resulting  from  heating  to  the  boiling  point  of  water  is 
equally  doubled  or  tripled.  In  other  words,  the  ratio  of  the  total 
spring  of  air  at  two  definite  and  steady  temperatures  and  at  con- 
stant volume  is  a  constant,  independent  of  the  mass  or  the  initial 
pressure  of  the  air  in  the  thermometer.    These  results  led  to  the 
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increased  perfection  of  the  air  thermometer  a8  a  standard  instru- 
ment, Amontons'n  idea  being  to  express  the  temperature  at  any  locality 
in  fractions  of  the  degree  of  heat  of  boiling  water.  The  great  nov- 
elty of  the  instrument  is  that  temperature  is  defined  by  the  measure- 
ment of  the  length  of  a  column  of  mercury.  In  passing,  he  remarks 
that  we  do  not  know  the  extreme  of  heat  and  cold,  but  that  he  has 
given  the  results  of  experiments  which  establish  correspondences  for 
those  who  wish  to  consider  the  subject.  In  the  following  year  Amon- 
tons  contributed  to  the  Academy  a  further  paper  extending  the  scope 
of  the  inquiry.  He  there  pointed  out  more  explicitly  that  as  the 
degrees  of  heat  in  his  thermometer  are  registered  by  the  height  of  a 
column  of  mercury,  which  the  heat  is  able  to  sustain  by  the  spring  of 
the  air,  it  follows  that  the  extreme  cold  of  the  thermometer  will  be 
that  which  reduces  the  air  to  have  no  power  of  spring.  This,  he  says, 
will  be  a  much  greater  cold  than  what  we  call  ''very  cold,"  because 
experiments  have  shown  that  if  the  spring  of  the  air  at  boiling  point 
is  73  inches,  the  degree  of  heat  which  remains  in  the  air  w  hen  brought 
to  the  freezing  point  of  water  is  still  very  great,  for  it  can  still  main- 
tain the  spring  of  51^  inches.  The  greatest  climatic  cold  on  the  scale 
of  units  adopted  by  Amontons  is  marked  50,  and  the  greatest  summer 
heat  58,  the  value  for  boiling  water  being  73,  and  the  zero  being  52 
units  below  the  freezing  point.  Thus  Amontons  was  the  first  to  rec- 
ognize that  the  use  of  air  as  a  thermometric  substance  led  to  the  infer- 
ence of  the  existence  of  a  zero  of  temperature,  and  his  scale  is  nothing 
else  than  the  absolute  one  we  are  now  so  familiar  with.  It  results  from 
Amontons's  experiments  that  the  air  would  have  no  spring  left  if  it  were 
cooled  below  the  freezing  point  of  water  to  about  two  and  one-half  timers 
the  temperature  range  which  separates  the  boiling  point  and  the  freez- 
ing point.  In  other  words,  if  we  adopt  the  usual  centessimal  difference 
between  these  two  points  of  temperature  as  100^,  then  the  zero  of 
Amontons's  air  thermometer  is  minus  240-.  This  is  a  remarkable 
approximation  to  our  modern  value  for  the  same  point  of  minus  273^^. 
It  has  to  be  confessed  that  Amontons's  valuable  contributions  to  knowl- 
edge met  with  that  fate  which  has  so  often  for  a  time  overtaken  the 
work  of  too-advanced  discoverers;  in  other  words,  it  was  simply 
ignored,  or  in  any  case  not  appreciated  by  the  scientific  world  either 
of  that  time  or  half  a  century  later.  It  was  not  till  Lambert,  in  his 
work  on  Pyrometrie,  published  in  1779,  repeated  Amontons's  experi- 
ments and  indorsed  his  results,  that  we  find  any  further  reference  to 
the  absolute  scale  or  the  zero  of  temperature.  Lambert's  observations 
were  made  with  the  greatest  care  and  refinement,  and  resulted  in  cor- 
recting the  value  of  the  zero  of  the  air  scale  to  minus  27i)  \  as  compared 
with  Amontons's  minus  240^.  Lambert  points  out  that  the  degree  of 
temperature  which  is  equal  to  zero  is  what  one  may  call  absolute  cold, 
and  that  at  this  temperature  the  volume  of  the  air  would  be  practical Iv 
nothing.     In  other  words,  the  particles  of  the  air  would  fall  together 
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and  touch  each  other  and  become  dense  like  water,  and  from  this  it 
may  be  inferred  that  the  gaseous  condition  is  caused  by  heat.  Lam- 
bert says  that  Amontons'  discoveries  had  found  few  adherents,  because 
they  were  too  beautiful  and  advanced  for  the  time  in  which  he  lived. 
About  this  time  a  remarkable  observation  was  made  by  Professor 
Braun  at  Moscow,  who,  during  the  severe  winter  of  1759,  succeeded 
in  freezing  mercury  by  the  use  of  a  mixture  of  show  and  nitric  acid. 
When  we  remember  that  mercury  was  regarded  as  quite  a  peculiar 
substance  possessed  of  the  essential  quality  of  fluidity,  we  can  easily 
understand  the  universal  interest  created  by  the  experiment  of  Braun. 
This  was  accentuated  >)y  the  observations  he  made  on  the  temperature 
given  by  the  mercury  thermometer,  which  appeared  to  record  a 
temperature  as  low  as  minus  200^  C.  The  experiments  were  soon 
repeated  by  Hutchins  at  Hudson  Bay,  who  conducted  his  work  with 
the  aid  of  suggestions  given  him  by  Cavendish  and  Black.  The  result 
of  the  new  observations  was  to  show  that  the  freezing  point  of  mer- 
cury is  only  minus  40°  C,  the  errors  in  foimer  experiments  having 
been  due  to  the  great  contraction  of  the  mercury  in  the  thermometer 
in  passing  into  the  solid  state.  From  this  it  followed  that  the  enor- 
mous natural  and  artificial  colds  which  had  generally  been  believed  in 
had  no  proved  existence.  Still  the  possible  existence  of  a  zero  of  tem- 
perature very  diflferent  from  that  deduced  from  gas  thermometry  had 
the  support  of  such  distinguished  names  as  those  of  Laplace  and 
Lavoisier.  In  their  great  memoir  on  Heat,  after  making  what  they 
consider  reasonable  hypotheses  as  to  the  relation  between  specific  heat 
and  total  heat,  they  calculate  values  for  the  zero  which  range  from 
1,500°  to  3,000°  below  melting  ice.  On  the  whole,  they  regard  the 
absolute  zero  as  being  in  any  case  600°  below  the  freezing  point. 
Lavoisier,  in  his  Elements  of  Chemistry,  published  in  1792,  goes  fur- 
ther in  the  direction  of  indefinitely  lowering  the  zero  of  temperature 
when  he  says: 

••'We  are  still  very  far  from  being  able  to  produce  the  degree  of 
absolute  cold,  or  total  deprivation  of  heat,  bemg  unacquainted  with 
any  degree  of  coldness  which  we  can  not  suppose  capable  of  still  fur- 
ther augmentation;  hence  it  follows  we  are  incapable  of  causing  the 
ultimate  particles  of  bodies  to  approach  each  other  as  near  as  possible, 
and  thus  these  particles  do  not  touch  each  other  in  any  state  hitherto 
known." 

Even  as  late  as  the  beginning  of  the  nineteenth  century  we  find  Dal- 
ton,  in  his  new  system  of  Chemical  Philosophy,  giving  ten  calculations 
of  this  value,  and  adopting  finally  as  the  natural  zero  of  temperature 
minus  3,000°  C. 

In  Blaek\^  lectures  we  find  that  he  takes  a  ver}^  cautious  view  with 
regard  to  the  zero  of  temperature,  but  as  usual  is  admirably  clear  with 
regard  to  its  exposition.     Thus  he  says: 

*'We  are  ignorant  of  the  lowest  possible  degree  or  beginning  of 
heat.     Some  mgenious  attempts  have  been  made  to  estimate  what  it 
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may  be,  but  they  have  not  proved  satisfactory.  Our  knowledge  of 
the  degrees  of  neat  mav  be  compared  to  what  we  should  have  of  a 
chain,  the  two  ends  of  which  were  hidden  from  us  and  the  middle  only 
exposed  to  our  view.  We  might  put  distinct  marks  on  some  of  the 
links,  and  number  the  rest  according  as  the}'^  are  nearest  to  or  further 
removed  from  the  principal  links;  but  not  knowing  the  distance  of 
any  links  from  the  end  of  the  chain  we  could  not  compare  them 
together  with  respect  to  their  distance,  or  say  that  one  link  was  twice 
as  far  from  the  end  of  the  chain  as  another." 

It  is  interesting  to  observe,  however,  that  Black  was  evidently  well 
acquainted  with  the  work  of  Amontons  and  strongly  supports  his 
inference  as  to  the  nature  of  air.  Thus,  in  discussing  the  general 
cause  of  vaporization,  Black  says  that  some  philosophers  have  adopted 
the  view  "that  every  palpable  elastic  fluid  in  nature  is  produced  and 
preserved  in  this  form  by  the  action  of  heat.  Mr.  Amontons,  an 
ingenious  member  of  the  late  Royal  Academy  of  Sciences,  at  Paris, 
was  the  first  who  proposed  this  idea  with  respect  to  the  atmosphere. 
He  supposed  that  it  might  be  deprived  of  the  whole  of  its  elasticity 
and  condensed  and  even  frozen  into  a  solid  matter  were  it  in  our 
power  to  apply  to  it  a  sufficient  cold;  that  it  is  a  substance  that  differs 
from  others  by  being  incomparably  more  volatile,  and  which  is  there- 
fore converted  into  vapor  and  preserved  in  that  form  by  a  weaker 
heat  than  any  that  ever  happened  or  can  obtain  in  this  globe,  and 
which  therefore  can  not  appear  under  any  other  form  than  the  one  it 
now  wears  so  long  as  the  constitution  of  the  world  remains  the  same 
as  at  present."  The  views  that  Black  attributes  to  Amontons  have 
been  generally  associated  with  the  name  of  Lavoisier,  who  practically 
admitted  similar  possibilities  as  to  the  nature  of  air;  but  it  is  not 
likely  that  in  such  matters  Black  would  commit  any  mistake  as  to  the 
real  author  of  a  particular  idea,  especially  in  his  own  department  of 
knowledge.  Black's  own  special  contribution  to  low-temperature 
studies  was  his  explanation  of  the  interaction  of  mixtures  of  ice 
with  salts  and  acids  by  appl^dng  the  doctrine  of  the  latent  heat  of 
fluidity  of  ice  to  account  for  the  f rigorific  effect.  In  a  similar  wa}^ 
Black  explained  the  origin  of  the  cold  produced  in  (^/ullen's  remarka- 
ble experiment  of  the  evaporation  of  ether  under  the  receiver  of  an 
air  pump  by  pointing  out  that  the  latent  heat  of  vaporization  in  this 
case  necessitated  such  a  result.  Thus,  b}^  applying  his  own  discov- 
eries to  latent  heat.  Black  gave  an  intelligent  explanation  of  the  cause 
of  all  the  low-temperature  phenomena  known  in  his  day. 

After  the  gaseous  laws  had  been  definitely  formulated  by  Gay- 
Lussac  and  Dalton,  the  question  of  the  absolute  zerp  of  temperature, 
as  deduced  from  the  properties  of  ga.ses,  was  revived  by  Clement  and 
Desormes.  These  distinguished  investigators  presented  a  paper  on 
the  subject  to  the  French  Acadeni}'  in  1S12,  which,  it  appears,  was 
rejected  by  that  body.     The  authors  subsequently  elected  to  publish  it 


HISTORY    OF   COLD    AND   THE    ABSOLUTE   ZERO.  213 

in  1819.  Rel^^ng  on  what  we  know  now  to  have  been  a  faulty 
hypothesis,  the}'  deduced  from  observations  on  the  heating  of  air 
rushing  into  a  vacuum  the  temperatui-e  of  minus  267^  as  that  of  the 
absolute  zero.  They  further  endeavored  to  show,  by  extending  to 
lower  temperatures  the  volume  or  the  pressure  coefficients  of  gases 
given  by  Gay-Lussac,  that  at  the  same  temperature  of  minus  267°  the 
gases  would  conti^act  so  as  to  possess  no  appreciable  volume,  or,  alter- 
natively, if  the  pressure  was  under  consideration  it  would  become  so 
small  as  to  be  nonexistent.  Although  full  reference  is  given  to  pre- 
vious work  bearing  on  the  same  subject,  yet  curiously  enough  no 
mention  is  made  of  the  name  of  Amontons.  It  certainly  gave  remark- 
able support  to  Amontons's  notion  of  the  zero  to  find  that  simple 
gases  like  hydrogen  and  compound  gases  like  ammonia,  hydrochloric, 
carbonic,  and  sulphurous  acids  should  all  point  to  substantially  the 
same  value  for  this  tempemture.  But  the  most  curious  fact  about 
this  research  of  Clement  and  Desormes  is  that  Gay-Lussac  was  a 
bitter  opponent  of  the  validity  of  the  inferences  they  drew  either 
from  his  work  or  their  own.  The  mode  in  which  Gay-Lussac 
regarded  the  subject  may  be  succinctly  put  as  follows:  A  quick 
comprcvssion  of  air  to  one-fifth  volume  mises  its  temperature  to  300°, 
and  if  this  could  be  made  much  greater  and  instantaneous  the  temper- 
ature might  rise  to  1,000°  or  2,000°.  Conversely,  if  air  under  five 
atmospheres  were  suddenly  dilated  it  would  absorb  as  much  heat  as  it 
had  evolved  during  compression  and  its  temperature  would  be  low- 
ered by  3(K)°.  Therefore  if  air  were  taken  and  compressed  to  50 
atmospheres  or  more,  the  cold  produced  by  its  sudden  expansion 
would  have  no  limit.  In  order  to  meet  this  position  Clement  and 
Desormes  adopted  the  following  reasoning:  They  pointed  out  that  it 
had  not  been  proved  that  Gay-Lussac  was  correct  in  his  hypothesis, 
but  that  in  any  case  it  tacitly  involves  the  assumption  that  a  limited 
quantity  of  matter  possesses  an  unlimited  supply  of  heat.  If  this 
were  the  case,  then  heat  would  be  unlike  any  other  measurable  thing  or 
quality.  It  is,  therefore,  more  consistent  with  the  course  of  nature  to 
suppose  that  the  amount  of  heat  in  a  body  is  like  the  quantity  of  elas- 
tic fluid  tilling  a  vessel,  which,  while  definite  in  original  amount,  one 
may  make  less  and  less  by  getting  nearer  to  a  complete  exhaustion. 
Further,  to  realize  the  absolute  zero  in  the  one  case  is  just  as  impos- 
sible as  to  realize  the  absolute  vacuum  in  the  other;  and  as  we  do  not 
doubt  a  zero  of  pressure,  although  it  is  unattainable,  for  the  same  rea- 
son we  ought  to  accept  the  reality  of  the  absolute  zero.  We  know 
now  that  Gay-Lussac  was  wrong  in  supposing  the  increment  of  tem- 
perature arising  from  a  given  gaseous  compression  would  produce  a 
corresponding  decrement  from  an  identical  expansion.  After  this 
time  the  zero  of  temperature  was  generally  recognized  as  a  fixed  ideal 
point,  but  in  order  to  show  that  it  was  hypothetical,  a  distinction  was 
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drawn  between  the  use  of  the  expressions  zero  of  absolute  tempera- 
ture and  the  abeK)lute  zero. 

The  whole  question  took  an  entirely  new  form  when  Lord  KelWn, 
in  1848,  after  the  mechanical  equivalent  of  heat  had  been  determined 
by  Joule,  drew  attention  to  the  great  principles  underlying  Camot's 
work  on  the  Motive  Power  of  Heat^  and  applied  them  to  an  absolute 
method  of  temperature  measurement  which  is  completely  independent 
of  the  properties  of  any  particular  substance.  The  principle  was  that 
for  a  difference  of  1^  on  this  scale  between  the  temperatures  of  the 
source  and  refrigerator,  a  perfect  engine  should  give  the  same  amount 
of  work  in  every  part  of  the  scale.  Taking  the  same  fixed  points  as 
for  the  Centigrade  scale,  and  making  KX)  of  the  new  degrees  cover 
that  range,  it  was  found  that  the  degrees  not  only  within  that  range, 
but  as  far  beyond  as  experimental  data  supplied  the  means  of  com- 
parison, differed  by  only  minute  quantities  from  those  of  Kegnaulfs 
air  thermometer.  The  zero  of  the  new  scale  had  to  be  determined  by 
the  consideration  that  when  the  refrigerator  was  at  the  zero  of  temper- 
ature the  perfect  engine  should  give  an  amount  of  work  equal  to  the 
full  mechanical  equivalent  of  the  heat  taken  up.  This  led  to  a  zero  of 
273^  below  the  temperature  of  freezing  water,  substantially  the  same 
as  that  deduced  from  a  study  of  the  gaseous  state.  It  was  a  great 
advance  to  demonstrate  by  the  application  of  the  laws  of  thermody- 
namics not  only  that  the  zero  of  temperature  is  a  reality,  but  that  it 
must  be  located  at  273^  below  the  freezing  point  of  water.  As  no  one 
has  attempted  to  impugn  the  solid  foundation  of  theory  and  experi- 
ment on  which  Lord  Kelvin  based  his  thermodynamic  scale,  the  exist- 
ence  of  a  definite  zero  of  temperature  must  be  acknowledged  as  a 
fundamental  scientific  fact. 

LIQUEFACTION  OF  GASES  AND  CONTINUnT  OF  STATE. 

In  these  speculations,  however,  chemists  were  dealing  theoretically 
with  temperatures  to  which  they  could  not  make  any  but  the  most  dis- 
tant experimental  approach.  Cullen,  the  teacher  of  Black,  had  indeed 
shown  how  to  lower  temperature  by  the  evaporation  of  volatile  bodies, 
such  as  ether,  by  the  aid  of  the  air  pump,  and  the  later  experiments  of 
Leslie  and  WoUaston  extended  the  same  principle.  Davy  and  Faradav' 
made  the  most  of  the  means  at  command  in  liquefying  the  more  con- 
densable gases,  while  at  the  same  time  Davy  pointed  out  that  they  in 
turn  might  be  utilized  to  procure  greater  cold  by  their  rapid  recon- 
version into  the  aeriform  state.  Still  the  chemist  was  sorely  hampered 
by  the  want  of  some  powerful  and  accessible  agent  for  the  production 
of  temperatures  much  lower  than  had  ever  been  attained.  That  want 
was  supplied  by  Thilorier,  who  in  1835  pixxiueed  liquid  carbonic  acid 
in  large  quantities,  and  further  made  the  fortunate  discovery  that  the 
liquid  could  be  frozen  into  a  snow  by  its  own  evaporation.  Faraday 
wa#»  '^^^^'^*^  to  take  advantage  of  this  new  and  potent  agent     Under 
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exhaustion  he  lowered  its  boiling  point  from  minus  78^  C.  to  minus 
110"^  C,  and  by  combining  this  low  temperature  with  pressure  all  the 
gases  were  liquefied  by  the  year  1844,  with  the  exception  of  the  three 
elementary  gases — hydrogen,  nitrogen,  and  oxygen,  and  three  com- 
pound gases — carbonic  oxide,  marsh  gas,  and  nitric  oxide.  Andrews, 
some  twenty-five  years  after  the  work  of  Faraday,  attempted  to  induce 
change  of  state  in  the  uncondensed  gases  by  using  much  higher  pres- 
sures than  Faraday  employed.  Combining  the  temperature  of  a  solid 
carbonic  acid  bath  with  pressures  of  300  atmospheres,  Andrews  found 
that  none  of  these  gases  exhibited  any  appearance  of  liquefaction  in 
such  high  states  of  condensation;  but  so  far  as  change  of  volume 
by  high  compression  went,  Andrews  confirmed  the  earlier  work  of 
Natterer  by  showing  that  the  gases  become  proportionately  less  com- 
pressible with  growing  pressure.  While  such  investigations  were 
proceeding,  Regnault  and  Magnus  had  completed  their  refined  inves- 
tigations on  the  laws  of  Boyle  and  Gay-Lussac.  A  very  important 
series  of  experiments  was  made  by  Joule  and  Kelvin  ''On  the  thermal 
effects  of  fluids  in  motion"  about  1862,  in  which  the  thermometrical 
effects  of  passing  gases  under  compression  through  porous  plugs  fur- 
nished important  data  for  the  study  of  the  mutual  action  of  the  gas 
molecules.  No  one,  however,  had  attempted  to  make  a  complete  study 
of  a  liquefiable  gas  throughout  wide  ranges  of  temperature.  This  was 
accomplished  by  Andrews  in  1869,  and  his  Bakerian  lecture  ''On  the 
continuity  of  the  gaseous  and  liquid  states  of  matter"  will  always  be 
regarded  as  an  epoch-making  investigation.  During  the  course  of  this 
research  Andrews  observed  that  liquid  carbonic  acid  mised  to  a 
temperature  of  31°  C.  lost  the  sharp  concave  surface  of  demarcation 
between  the  liquid  and  the  gas,  the  space  being  now  occupied  by  a 
homogeneous  fluid  which  exhibited,  when  the  pressure  was  suddenly 
diminished  or  the  temperature  slightly  lowered,  a  peculiar  appeamnce 
of  moving  or  flickering  strisB,  due  to  great  local  alterations  of  density. 
At  temperatures  above  31°  C.  the  separation  into  two  distinct  kinds 
of  matter  could  not  be  effected  even  when  the  pressure  reached  400 
atmospheres.  This  limiting  temperature  of  the  change  of  state  from 
gas  to  liquid  Andrews  called  the  critical  temperature.  He  showed 
that  this  temperature  is  constant,  and  differs  with  each  substance,  and 
that  it  is  always  associated  with  a  definite  pressure  peculiar  to  each 
body.  Thus  the  two  constants,  critical  temperature  and  pressure, 
which  have  been  of  the  greatest  importance  in  subsequent  investiga- 
tions, came  to  be  defined,  and  a  complete  experimental  proof  was 
given  that  ''the  gaseous  and  liquid  states  are  only  distinct  stages  of 
the  same  condition  of  matter  and  are  capable  of  passing  into  one 
another  by  a  process  of  continuous  change." 

In  1873  an  essay  "On  the  continuity  of  the  gaseous  and  liquid  state," 
full  of  new  and  suggestive  ideas,  was  published  by  van  der  Waals,  who, 
recognizing  the  value  of  Clausius's  new  conception  of  the  vii'ial  in 
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dynamics,  for  a  long-continued  series  of  motions,  either  oscillatory  or 
changing  exceedingly  slowly  with  time,  applied  it  to  the  consideration 
of  the  molecular  movements  of  the  particles  of  the  gaseous  substance, 
and  after  much  refined  investigation,  and  the  fullest  experimental 
calculation  available  at  the  time,  devised  his  well-known  equation  of 
continuity.  Its  paramount  merit  is  that  it  is  based  entirely  on  a 
mechanical  foundation,  and  is  in  no  sense  empiric;  we  may  therefore 
look  upon  it  a.s  having  a  secure  foundation  in  fact,  but  as  being  capable 
of  extension  and  improvement.  fFames  Thomson,  realizing  that  the 
straight-line  breach  of  continuous  curvature  in  the  Andrews  isother- 
mals  was  untenable  to  the  physical  mind,  propounded  his  emendation 
of  the  Andrews  curves — namely,  that  they  were  continuous  and  of  S 
form.  We  also  owe  to  James  Thomson  the  conception  and  execution 
of  a  three-dimensional  model  of  Andrews's  results,  which  has  been  of 
the  greatest  service  in  exhibiting  the  three  variables  by  means  of  a 
specific  surface  afterwards  greatly  extended  and  developed  by  Prof. 
Willard  Gibba.  The  suggestive  work  of  James  Thomson  undoubt- 
edly was  a  valuable  aid  to  van  der  Waals,  for  as  soon  as  he  reached  the 
point  where  his  equation  had  to  show  the  continuity  of  the  two  states 
this  was  the  first  difficulty  he  had  to  encounter,  and  he  succeeded  in 
giving  the  explanation.  He  also  gave  a  satisfactory  reason  for  the 
existence  of  a  minimum  value  of  the  product  of  volume  and  pressure 
in  the  Regnault  isothermals.  His  isothermals,  with  James  Thomson's 
completion  of  them,  were  now  shown  to  be  the  results  of  the  laws  of 
dynamics.  Van  der  Waals  applied  the  new  equation  to  the  considera- 
tion of  the  coefficients  of  expansion  with  temperature  and  of  pred8ni*e 
with  temperature,  Showing  that  although  they  were  nearly  equal,  nev- 
ertheless they  were  almost  independent  quantities.  His  investigation 
of  the  capillarity  constant  was  masterlj^  and  he  added  further  to  our 
knowledge  of  the  magnitudes  of  the  molecules  of  gases  and  of  their 
mean  free  paths.  Following  up  the  experiments  of  Joule  and  Kelvin, 
he  showed  how  their  cooling  coefficients  could  be  deduced,  and  proved 
that  they  vanished  at  a  temperature  in  each  case  which  is  a  constant 
multiple  of  the  specific  critical  temperature.  The  equation  of  conti- 
nuity developed  by  van  der  Waals  involved  the  use  of  three  constant's 
instead  of  one,  as  in  the  old  law  of  Boyle  and  Charles,  the  latter  being 
only  utilized  to  express  the  relation  of  tempei'ature,  pressure,  and 
volume,  when  the  gas  is  far  removed  from  its  point  of  liquefaction. 
Of  the  two  new  constants  one  represents  the  molecular  pressure  aris- 
ing from  the  attraction  between  the  molecules,  the  other  four  times 
the  volume  of  the  molecules.  Given  these  constants  of  a  gas,  van  der 
Waals  showed  that  his  equation  not  only  fitted  into  the  general  char- 
acters of  the  isothermals,  but  ^lao  gave  the  values  of  the  critical  tem- 
perature, the  critical  pressure,  and  the  critical  volume.  In  the  case 
of  carbonic  acid  the  theoretical  results  were  found  to  be  in  remarkable 
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agreement  with  the  experimental  values  of  Andrews.  This  gave 
chemists  the  means  of  ascertaining  the  critical  constants,  provided  suf- 
ficiently accurate  data  derived  from  the  study  of  a  few  properly  dis- 
tributed isothermals  of  the  gaseous  substance  were  available.  Such 
important  data  came  into  the  possession  of  chemists  when  Amagat 
published  his  valuable  paper  on  ''The  isothermals  of  hydrogen,  nitro- 
gen, oxygen,  ethylene,  etc.,"  in  the  year  1880.  It  now  became  possi- 
ble to  calculate  the  critical  data  with  comparative  accuracy  for  the 
so-called  permanent  gases  oxygen  and  nitrogen,  and  this  was  done  by 
Sarrau  in  1882.  In  the  meantime  a  great  impulse  had  been  given  to  a 
further  attack  upon  the  so-called  permanent  gases  by  the  suggestive 
experiments  made  by  Pictet  and  Cailletet.  The  static  liquefaction  of 
oxygen  was  effected  by  Wroblewski  in  1883,  and  thereby  the  theo- 
retical conclusions  derived  from  van  der  Waals's  equation  were  sub- 
stantially confirmed.  The  liquefaction  of  oxygen  and  air  was  achieved 
through  the  use  of  liquid  ethylene  as  a  cooling  agent,  which  enabled  a 
temperature  of  minus  140°  to  be  maintained  by  its  steady  evaporation 
in  vacuo.  From  this  time  liquid  oxygen  and  air  came  to  be  regarded 
as  the  potential  cooling  agents  for  future  research,  commanding  as 
they  did  a  temperature  of  200°  below  melting  ice.  The  theoretical 
side  of  the  question  received  at  the  hands  of  van  der  Waals  a  second 
contribution,  which  was  even  more  important  than  his  original  essay, 
and  that  was  his  novel  and  ingenious  development  of  what  he  calls 
''The  theory  of  corresponding  states."  He  defined  the  corresponding 
states  of  two  substances  as  those  in  which  the  i*atios  of  the  tempera- 
ture, pressure,  and  volume  to  the  critical  temperature,  pressure,  and 
volume,  respectively,  were  the  same  for  the  two  substances,  find  in  cor- 
responding states  he  showed  that  the  three  pairs  of  ratios  all  coincided. 
From  this  a  series  of  remarkable  propositions  were  developed,  some 
new,  some  proving  previous  laws  that  were  hitherto  only  empiric, 
and  some  completing  and  correcting  faulty  though  approximate  laws. 
As  examples,  he  succeeded  in  calculating  the  boiling  point  of  carbonic 
acid  from  observations  on  ether  vapor,  proved  Kopp's  law  of  molec- 
ular volumes,  and  showed  that  at  corresponding  temperatures  the 
molecular  latent  heats  of  vaporization  are  proportional  to  the  absolute 
critical  temperature,  and  that  under  the  same  conditions  the  coeffi- 
cients of  liquid  expansion  are  inversely  proportional  to  the  absolute 
critical  temperature,  and  that  the  coefficients  of  liquid  compressibility 
are  inversely  proportional  to  the  critical  pressure.  All  these  proposi- 
tions and  deductions  are  in  the  main  correct,  though  further  experi- 
mental investigation  has  shown  minor  discrepancies  requiring  expla- 
nation. Various  proposals  have  been  made  to  supplement  van  der 
Waals's  equation  so  as  to  bring  it  into  line  with  experiments,  some 
being  entirely  empiric,  others  theoretical.  Clausius,  Sarrau,  Wro- 
blewski, Batteli,  and  others  attacked  the  question  empirically,  and  in 
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the  main  preserved  the  co-volume  (depending  on  the  total  volume  of 
the  molecules)  unaltered  while  tr^^ing  to  modify  the  constant  of  molec- 
ular attraction.  Their  success  depended  entirely  on  the  fact  that, 
instead  of  limiting  the  number  of  constants  to  three,  some  of  them 
have  increased  them  to  as  many  as  ten.  On  the  other  hand,  a  series 
of  very  remarkable  theoretical  investigations  has  been  made  by  van 
der  Waals  himself,  by  Kammerlingh  Onnes,  Korteweg,  Jaeger,  Boltz- 
mann,  Dieterici,  and  Keinganum,  and  others,  all  directed  in  the  main 
toward  an  admitted  variation  in  the  value  of  the  co-volume  while  pre- 
serving the  molecular  attraction  constant.  The  theoretical  deductions 
of  Tait  lead  to  the  conclusion  that  a  substance  below  its  critical  point 
ought  to  have  two  different  equations  of  the  van  der  Waals  type, 
one  referring  to  the  liquid  and  the  other  to  the  gaseous  phase.  One 
important  fact  was  soon  elicited — namely,  that  the  law  of  correspond- 
ence demanded  only  that  the  equation  should  contain  not  more  than 
three  constants  for  each  body.  The  simplest  extension  is  that  made 
by  Keinganum,  in  which  he  increased  the  pressure  for  a  given  mean 
kinetic  energy  of  the  particles  inversely  in  the  ratio  of  the  diminution  of 
free  volume,  due  to  the  molecules  possessing  linear  extension.  Berthelot 
has  shown  how  a  "  reduced"  isothermal  may  be  got  by  taking  two  other 
prominent  points  as  units  of  measurement  instead  of  the  critical 
coordinates.  The  most  suggestive  advance  in  the  improvement  of  the 
van  der  Waals  equation  has  been  made  by  a  lady,  Mme.  Christine 
Meyer.  The  idea  at  the  base  of  this  new  development  may  be  under- 
stood from  the  following  general  statement:  van  der  Waals  brings  the 
van  der  Waals  surfaces  for  all  substances  into  coincidence  at  the  point 
where  volume,  pressure,  and  temperature  are  nothing,  and  then 
stretches  or  compresses  all  the  surfaces  parallel  to  the  three  axes  of 
volume,  pressure,  and  temperature  until  their  critical  points  coincide. 
But  on  this  plan  the  surfaces  do  not  quite  coincide,  because  the  points 
where  the  three  variables  are  respectively  nothing  are  not  correspond- 
ing points.  Mme.  Meyer's  plan  is  to  bring  all  the  critical  points  first 
into  coincidence,  and  then  to  compress  or  extend  all  the  representative 
surfaces  parallel  to  the  three  axes  of  volume,  pressure,  and  tempemture 
until  the  surfaces  coincide.  In  this  way,  taking  twenty-nine  different 
substances,  she  completely  verifies  from  experiment  van  der  Waals\s 
law  of  correspondence.  The  theory  of  van  der  Waals  has  been  one  of 
the  greatest  importance  in  directing  experimental  investigation  and  in 
attacking  the  difficult  problems  of  the  liquefaction  of  the  most  perma- 
nent gases.  One  of  its  greatest  triumphs  has  been  the  proof  that  the 
critical  constants  and  the  boiling  pomt  of  hydrogen  theoretically 
deduced  by  Wroblewski  from  a  study  of  the  isothermals  of  the  gas 
taken  far  above  the  temperature  of  liquefaction  are  remarkably  near 
the  experimental  values.  We  may  safely  infer,  therefore,  that  if  here- 
after a  gas  be  discovered  in  small  quantity  even  four  times  more  volatile 
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than  liquid  hydrogen,  yet  by  a  study  of  its  isothermaLs  at  low  temper- 
ature we  shall  succeed  in  finding  its  most  important  liquid  constants, 
although  the  isolation  of  the  real  liquid  ma}'^  for  the  time  l)e  impossible. 
It  is  perhaps  not  too  much  to  say  that  as  a  prolific  source  of  knowledge 
in  the  department  dealing  with  the  continuity  of  state  in  matter,  it 
would  be  necessary  to  go  back  to  Carnot's  cycle  to  find  a  proposition 
of  greater  importance  than  the  theory  of  van  der  Waals  and  his  devel- 
opment of  the  law  of  corresponding  states. 

It  will  be  apparent  from  what  has  just  been  said  that,  thanks  to  the 
labors  of  Andrews,  van  der  Waals,  and  others,  theory  had  again  far 
outrun  experiment.  We  could  calculate  the  constants  and  predict 
some  of  the  simple  physical  characteristics  of  liquid  ox3^gen,  hydrogen, 
or  nitrogen  with  a  high  degree  of  confidence  long  before  any  one  of 
the  three  had  been  obtained  in  the  static  liquid  condition  permitting  of 
the  experimental  verification  of  the  theory.  This  was  the  more  tanta- 
lizing, because,  with  whatever  confidence  the  chemist  may  anticipate 
the  substantial  corroboration  of  his  theory,  he  also  anticipates  with 
almost  equal  conviction  that  as  he  approaches  more  and  more  nearly  to 
the  zero  of  absolute  temperature  he  will  encounter  phenomena  com- 
pelling modification,  revision,  and  refinement  of  formulas  which  fairly 
covered  the  facts  previously  known.  Just  as  nearly  seventy  years  ago 
chemists  were  waiting  for  some  means  of  getting  a  temperature  of  100^ 
below  melting  ice,  so  ten  years  ago  they  were  casting  about  for  the 
means  of  going  100^  lower  still.  The  difliculty,  it  need  hardly  be  said, 
increases  in  a  geometrical  rather  than  in  an  arithmetical  ratio.  Its 
magnitude  may  be  estimated  from  the  fact  that  to  produce  liquid  air 
in  the  atmosphere  of  an  ordinary  laboratory  is  a  feat  analogous  to  the 
production  of  liquid  water  starting  from  steam  at  a  white  heat  and 
working  with  all  the  implements  and  surroundings  at  the  same  high 
temperature.  The  problem  was  not  so  much  how  to  produce  intense 
cold  as  how  to  save  it  when  produced  from  being  immediately  leveled 
up  b}'^  the  relatively  superheated  surroundings.  Ordinary  nonconduct- 
ing packings  were  inadmissible  because  they  are  both  cumbrous  and 
opaque,  while  in  working  near  the  limits  of  our  resources  it  is  essential 
that  the  product  should  be  visible  and  readily  handled.  It  was  while 
puzzling  over  this  mechanical  and  manipulative  difficulty  in  1892  that  it 
occurred  to  me  that  the  principle  of  an  arrangement  used  nearly  twenty 
years  before  in  some  calorimetric  experiments,^  which  was  based  upon 
the  work  of  Dulong  and  Petit  on  radiation,  might  be  employed  with 
advantage  as  well  to  protect  cold  substances  from  heat  as  hot  ones  from 
rapid  cooling.  I  therefore  tried  the  effect  of  keeping  liquefied  gases  in 
vessels  having  a  double  wall,  the  annular  space  between  being  very 
highly  exhausted/^    Experiments  showed  that  liquid  air  evaporated  at 

«**0u  the  physical  constants  of  hydrogen lum,"  Trans.  Roy.  Soc.,  ed.  1873. 
*>  It  now  appears  that  similar  vessels  were  employed  by  Professor  VioUe  in  a  research 
entitled  '*Sar  un  ealorim^tre  par  refroidisaement/'  Comp.  Rendu,  1882. 
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only  one-fifth  of  the  rate  prevailinj^  when  it  was  placed  in  a  similar 
unexhausted  vessel,  owing*  to  the  convective  transference  of  heat  hy 
the  gas  particles  being  enormously  reduced  by  the  high  vacuum.  But, 
in  addition,  these  vessels  lend  themselves  to  an  arrangement  by  which 
radiant  heat  can  also  be  cut  oflf.  It  was  found  that  when  the  inner 
walls  were  coated  with  a  bright  deposit  of  silver  the  influx  of  heat  was 
diminished  to  one-sixth  the  amount  entering  without  the  metallic  coat- 
ing. The  total  effect  of  the  high  vacuum  and  the  silvering  is  to  reduce 
the  ingoing  heat  to  about  3  per  cent.  The  efficiency  of  such  vessels 
depends  upon  getting  as  high  a  vacuum  as  possible,  and  cold  is  one  of 
the  best  me^ns  of  effecting  the  desired  exhaustion.  All  that  is  neces- 
sary is  to  fill  completely  the  space  that  has  to  be  exhausted  with  an  easily 
condensable  vapor,  and  then  to  freeze  it  out  in  a  receptacle  attached 
to  the  primary  vessel  that  can  be  sealed  off.  The  advantage  of  this 
method  is  that  no  air  pump  is  required  and  that  theoretically  there  is 
no  limit  to  the  degree  of  exhaustion  that  can  be  obtained.  The  action 
is  rapid,  provided  liquid  air  is  the  cooling  agent,  and  vapors  like  mer- 
cury, water,  or  benzol  are  employed.  It  is  obvious  that  when  we 
have  to  deal  with  such  an  exceptionally  volatile  liquid  as  hydrogen, 
the  vapor  tilling  may  be  omitted  because  air  itself  is  now  an  easily 
condensable  vapor.  In  other  words,  liquid  hydrogen,  collected  in 
such  vessels  with  the  annular  space  full  of  air,  immediately  solidi- 
ties the  air  and  thereby  surrounds  itself  with  a  high  vacuum.  In  the 
same  way,  when  it  shall  be  possible  to  collect  a  liquid  boiling  on  the 
absolute  scale  at  about  5^,  as  compared  with  the  20^  of  hydrogen,  then 
you  might  have  the  annular  space  filled  with  the  latter  gas  to  ])egin 
with,  and  3^et  get  directly  a  very  high  vacuum,  owing  to  the  solidifi(»a- 
tion  of  the  hydrogen.  Many  combinations  of  vacuum  vessels  can  be 
arranged,  and  the  lower  the  temperature  at  which  we  have  to  operate 
the  more  useful  they  become.  Vessels  of  this  kind  are  now  in  general 
use,  and  in  them  liquid  air  has  crossed  the  American  continent.  Of  the 
various  forms,  that  variety  is  of  special  importance  which  has  a  spiml 
tube  joining  the  bottom  paii;  of  the  walls,  so  tjiat  any  liquid  gas  may 
be  drawn  off  from  the  interior  of  such  a  vessel.  In  the  working  of 
regenerative  coils  such  a  device  becomes  all  important,  and  such  special 
vessels  can  not  be  dispensed  with  for  the  liquefaction  of  hydrogen. 

In  the  early  experiments  of  Pictet  and  Cailletet,  cooling  was  pro- 
duced by  the  sudden  expansion  of  the  highly  compressed  gas  pref  embl}^ 
at  a  low  temperature,  the  former  using  a  jet  that  lasted  for  some  time, 
the  latter  an  instantaneous  adiabatic  expansion  in  a  strong  glass  tulx*. 
Neither  process  was  practicable  as  a  mode  of  producing  liquid  gases, 
but  both  gave  valuable  indications  of  partial  change  into  the  li(|uid 
state  by  the  production  of  a  temporary  mist.  Linde,  however,  saw 
that  the  continuous  use  of  a  jet  of  highly  compressed  gas,  combined 
with  regenerative  cooling,  must  lead  to  liquefaction  on  account  of  what 
Ued  the  Kelvin-Joule  effect;  and  he  succeeded  in  making  a  machine, 
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based  on  this  principle,  capable  of  producing  liquid  air  for  industrial 
purposes.  These  experimenters  had  proved  that,  owing  to  molecular 
attraction,  compressed  gases*  passing  through  a  porous  plug  or  small 
aperture  were  lowered  in  temperature  by  an  amount  depending  on  the 
difference  of  pressure  and  inversely  as  the  square  of  the  absolute  tem- 
perature- This  means  that  for  a  steady  difference  of  pressure  the 
cooling  is  greater  the  lower  the  temperature.  The  only  gas  that  did 
not  show  cooling  under  such  conditions  was  hydrogen.  Instead  of 
being  cooled  it  became  actually  hotter.  The  reason  for  this  apparent 
anomaly  in  the  Kelvin-Joule  effect  is  that  every  gas  has  a  thermometric 
point  of  inversion  above  which  it  is  heated  and  below  which  it  is 
cooled.  This  inversion  point,  according 'to  van  der  VVaals,  is  six  and 
three-quarter  times  the  critical  point.  The  efficiency  of  the  Linde 
process  depends  on  working  with  highly  compressed  gas  well  below 
the  inversion  temperature,  and  in  this  respect  this  point  may  be  said 
to  take  the  place  of  the  critical  one,  when  in  the  ordinary  way  direct 
liquefaction  is  being  effected  by  the  use  of  specific  liquid  cooling 
agents.  The  success  of  both  processes  depends  upon  working  within 
a  certain  temperature  range,  only  the  Linde  method  gives  us  a  much 
wider  i-ange  of  temperature  within  which  liquefaction  can  be  effected. 
This  is  not  the  case  if,  instead  of  depending  on  getting  cooling  by  the 
internal  work  done  by  the  attraction  of  the  gas  molecules,  we  force 
the  compressed  gas  to  do  external  work  as  in  the  well-known  air 
machines  of  Kirk  and  Coleman.  Both  these  inventors  have  pointed 
out  that  there  is  no  limit  of  temperature,  short  of  liquefaction  of  the 
gas  in  use  in  the  circuit,  that  such  machines  are  not  capable  of  giving. 
While  it  is  theoretically  clear  that  such  machines  ought  to  be  capable 
of  maintaining  the  lowest  temperatures,  and  that  with  the  least 
expenditure  of  power,  it  is  a  very  different  matter  to  overcome  the 
practical  difficulties  of  working  such  machines  under  the  conditions. 
Coleman  kept  a  machine  delivering  air  at  minus  83^  for  hours,  but 
he  did  not  carry  his  experiments  any  further.  Recently  M.  Claude, 
of  Paris,  has,  however,  succeeded  in  working  a  machine  of  this  type 
so  efficiently  that  he  has  managed  to  produce  1  liter  of  liquid  air  per 
hoi"sepower  expended  per  hour  in  the  running  of  the  engine.  This 
output  is  twice  as  good  as  that  given  by  the  Linde  machine,  and  there 
is  no  reason  to  doubt  that  the  yield  will  be  still  further  improved.  It 
is  clear,  therefore,  that  in  the  immediate  future  the  production  of 
liquid  air  and  hydrogen  will  be  effected  most  economically  by  the  use 
of  machines  producing  cold  by  the  expenditure  of  mechanical  work. 

LIQUID  HYDROGEN   AND  HELIUM. 

To  the  physicist  the  copious  production  of  liquid  air  by  the  methods 
described  was  of  peculiar  interest  and  value  as  affording  the  means  of 
attacking  the  far  more  difficult  problem  of  the  liquefaction  of  hydro- 
gen, and  even  as  encouraging  thte  hope  that  liquid  hydrogen  might  in 
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time  be  employed  for  the  liquefaction  of  yet  more  volatile  elements, 
apart  from  the  importance  which  its  liquefaction  must  hold  in  the 
process  of  the  steady  advance  toward  the  absolute  zero.  Hydrogen  is 
an  element  of  especial  interest,  because  the  stud}'  of  its  properties  and 
chemical  relations  led  great  chemists  like  Faraday,  Dumas,  Daniell, 
Graham,  and  Andrews  to  entertain  the  view  that  if  it  could  ever  be 
brought  into  the  state  of  liquid  or  solid  it  would  reveal  metallic  char- 
acters. Looking  to  the  special  chemical  relations  of  the  combined 
hydrogen  in  water,  alkaline  oxides,  acids,  and  salts,  together  with  the 
behavior  of  these  substances  on  electrolysis,  we  are  forced  to  conclude 
that  hydrogen  behaves  as  the  analogue  of  a  metal.  After  the  l)eautif ul 
discovery  of  Graham  that  palladium  can  absorb  some  hundreds  of  times 
its  own  volume  of  hydrogen,  and  still  retain  its  luster  and  general 
metallic  character,  the  impression  that  hydrogen  was  probably  a  mem- 
ber of  the  metallic  group  became  very  general.  The  onl}'  chemist  who 
adopted  another  view  was  my  distinguished  predecessor,  Professor 
Odling.  In  his  Manual  of  Chemistry,  published  in  1801,  he  pointed 
out  that  hydrogen  has  chlorous  as  well  as  basic  relations,  and  that  they 
are  as  decided,  important,  and  frequent  as  its  other  relations.  From 
such  considerations  he  arrived  at  the  conclusion  that  hydrogen  is  essen- 
tially a  neutral  or  intermediate  bod}^,  and  therefore  we  should  not 
expect  to  find  liquid  or  solid  hydrogen  possess  the  appearance  of  a 
metal.  This  extraordinary  prevision,  so  characteristic  of  Odling, 
was  proved  to  be  correct  some  thirty -seven  years  after  it  was 
made.  Another  curious  anticipation  was  made  by  Dumas,  in  a  letter 
addressed  to  Pictet,  in  which  he  says  that  the  metal  most  analogous  to 
hydrogen  is  magnesium,  and  that  probably  lx)th  elements  have  the 
same  atomic  volume,  so  that  the  density  of  h3'drogen,  for  this  reason, 
would  be  about  the  value  elicited  hy  subsequent  experiments.  Later 
on,  in  1872,  when  Newlands  began  to  arrange  the  elements  in  periodic 
groups,  he  regarded  hydrogen  as  the  lowest  member  of  the  chlorine 
family;  but  Mendeleef,  in  his  later  classification,  placed  hydrogen  in 
the  group  of  the  alkaline  metals;  on  the  other  hand,  Dr.  Johnstone 
Stoney  classes  hydrogen  with  the  alkaline  earth  metals  and  magne- 
sium. From  this  speculative  divergency  it  is  clear  no  definite  con- 
clusion could  be  reached  regarding  the  physical  properties  of  liquid 
or  solid  hydrogen,  and  the  only  way  to  arrive  at  the  truth  was  to 
prosecute  low -temperature  research  until  success  attended  the  efforts 
to  produce  its  liquefaction.  This  result  I  definitely  obtained  in  1898. 
The  case  of  liquid  hydrogen  is,  in  fact,  an  excellent  illustration  of  the 
truth  already  referred  to,  that  no  theoretical  forecast,  however 
apparently  jiLstified  by  analogy,  can  lie  finally  accepted  as  true  until 
confirmed  by  tictual  experiment.  Liquid  hydrogen  is  a  colorless  trans- 
parent body  of  extraordinary-  intrinsic  interest.  It  has  a  clearly 
defined  surface,  is  easily  seen,  drops  well,  in  spite  of  the  fact  that  its 
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surface  tension  is  onh^  the  thirty -fifth  part  of  that  of  water,  or  about 
one-fifth  that  of  liquid  air,  and  can  be  poured  easily  from  vessel  to 
vessel.  The  liquid  does  not  conduct  electricity,  and,  if  anything,  is 
slightly  diamagnetic.  Compared  with  an  equal  volume  of  liquid  air, 
it  requires  only  one-fifth  the  quantity  of  heat  for  vaporization;  on  the 
other  hand,  its  specific  heat  is  six  times  that  of  liquid  air  or  three  times 
that  of  water.  The  coefficient  of  expansion  of  the  fluid  is  remarkable, 
being  about  ten  times  that  of  the  gas.  It  is  by  far  the  lightest  liquid 
known  to  exist,  its  density  being  only  one-fourteenth  that  of  water. 
The  lightest  liquid  previously  known  was  liquid  marsh  gas,  which  is 
six  times  heavier.  The  only  solid  which  has  so  small  density  as  to 
float  upon  its  surface  is  a  piece  of  pith*  wood.  It  is  by  far  the  coldest 
liquid  known.  At  ordinary  atmospheric  pressure  it  boils  at  minus 
252.5^  or  20.5^  absolute.  The  critical  point  of  the  liquid  is  from 
30^  to  32^  absolute,  and  the  critical  pressure  not  more  but  probably 
less  than  fifteen  atmospheres.  The  vapor  of  the  hydrogen  arising 
from  the  liquid  has  nearly  the  density  of  air ;  that  is,  it  is  fourteen 
times  that  of  the  gas  at  the  ordinary  temperature.  Reduction  of 
the  pressure  by  an  air  pump  brings  down  the  temperature  to  minus 
258^,  when  the  liquid  becomes  a  solid  resembling  frozen  foam,  and 
this  by  further  exhaustion  is  cooled  to  minus  259.5°  or  13.5°  absolute, 
which  is  the  lowest  steady  temperature  that  has  been  reached.  The 
solid  may  also  be  got  in  the  form  of  a  clear  transparent  ice,  melting 
at  about  15°  absolute,  under  a  pressure  of  55  mm.,  possessing  the 
unique  density  of  one-tenth  that  of  water.  Such  cold  involves  the 
solidification  of  every  gaseous  substance  but  one  that  is  at  present 
definitel}^  known  to  the  chemist,  and  so  liquid  hydrogen  introduces  the 
investigator  to  a  world  of  solid  bodies.  The  contrast  between  this 
refrigerating  substance  and  liquid  air  is  most  remarkable.  On  the 
removal  of  the  loose  plug  of  cotton  wool  used  to  cover  the  mouth  of 
the  vacuum  vessel  in  which  it  is  stored,  the  action  is  followed  by  a 
miniature  snowstorm  of  solid  air,  formed  by  the  freezing  of  the  atmos- 
phere at  the  point  where  it  comes  into  contact  with  the  cold  vapor 
rising  from  the  liquid.  This  solid  air  falls  into  the  vessel  and 
accumulates  as  a  white  snow  at  the*  bottom  of  the  liquid  hydrogen. 
When  the  outside  of  an  ordinary  test  tube  is  cooled  by  immersion  in 
the  liquid,  it  is  soon  observed  to  fill  up  with  solid  air,  and  if  the  tube 
be  now  lifted  out  a  double  effect  is  visible,  for  liquid  air  is  produced 
both  in  the  inside  and  on  the  outside  of  the  tube — in  the  one  case  by 
the  melting  of  the  solid  and  in  the  other  by  condensation  from  the 
atmosphere.  A  tuft  of  cotton  wool  soaked  in  the  liquid  and  then  held 
near  the  pole  of  a  strong  magnet  is  atti*acted,  and  it  might  be  inferred 
therefrom  that  liquid  hydrogen  is  a  magnetic  body.  This,  however, 
is  not  the  case.  The  attraction  is  due  neither  to  the  cotton  wool  nor 
to  the  hydrogen — which  indeed  evaporates  almost  as  soon  as  the  tuft 
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is  taken  out  of  the  liquid — ^but  to  the  oxygen  of  the  air,  which  is 
well  known  to  be  a  magnetic  body,  frozen  in  the  wool  by  the  extreme 
cold. 

The  strong  condensing  powers  of  liquid  hydrogen  afford  a  simple 
means  of  producing  vacua  of  very  high  tenuity.  When  one  end  of  a 
sealed  tube  containing  ordinary  air  is  placed  for  a  short  time  in  the 
liquid,  the  contained  air  accumulates  as  a  solid  at  the  bottom,  while 
the  higher  part  is  almost  entirely  deprived  of  particles  of  gas.  So 
perfect  is  the  vacuum  thus  formed,  that  the  electric  discharge  can  be 
made  to  pass  only  with  the  greatest  difficulty.  Another  important 
application  of  liquid  air,  liquid  hydrogen,  etc.,  is  as  analj^tic  agents. 
Thus,  if  a  gaseous  mixture  be  cooled  by  means  of  liquid  oxygen  only 
those  constituents  will  be  left  in  the  gaseous  state  which  are  less  con- 
densable than  oxygen.  Similarly,  if  this  gaseous  residue  be  in  its 
turn  cooled  in  liquid  hydrogen  a  still  further  separation  will  be 
effected,  everything  that  is  less  volatile  than  hydrogen  being  con- 
densed to  a  liquid  or  solid.  By  proceeding  in  this  fashion  it  has 
been  found  possible  to  isolate  helium  from  a  mixture  in  which  it  is 
present  to  the  extent  of  only  one  part  in  one  thousand.  By  the 
evaporation  of  solid  hydrogen  under  the  air  pump  we  can  reach 
within  13^  or  14°  of  the  zero,  but  there  or  thereabouts  our  progress 
is  barred.  This  gap  of  13°  might  seem  at  first  sight  insignificant  in 
comparison  with  the  hundreds  that  have  already  been  conquered. 
But  to  win  one  degree  low  down  the  scale  is  quite  a  different  matter 
from  doing  so  at  higher  temperatures.  In  fact,  to  annihilate  these  few 
remaining  degrees  would  be  a  far  greater  achievement  than  any  so 
far  accomplished  in  low-temperature  research.  For  the  difficulty  is 
twofold,  having  to  do  partly  with  process  and  partly  with  mate- 
rial. The  application  of  the  methods  used  in  the  liquefaction  of 
gases  becomes  continually  harder  and  more  troublesome  as  the  working 
temperature  is  reduced;  thus,  to  pass  from  liquid  air  to  liquid  hydro- 
gen— a  difference  of  60° — is,  from  a  thermodynamic  point  of  view,  as 
difficult  as  to  bridge  the  gap  of  150°  that  separates  liquid  chlorine  and 
liquid  air.  By  the  use  of  a  new  liquid  gas  exceeding  hydrogen  in  vola- 
tility to  the  same  extent  as  hydrogen  does  nitrogen,  the  investigator 
might  get  to  within  5°  of  the  zero;  but  even  a  second  hypothetical 
substance,  again  exceeding  the  first  one  in  volatility  to  an  equal  extent, 
would  not  suffice  to  bring  him  quite  to  the  point  of  his  ambition. 
That  the  zero  will  ever  be  reached  by  man  is  extremely  improbable. 
A  thermometer  introduced  into  regions  outside  the  uttermost  confines 
of  the  earth's  atmosphere  might  approach  the  absolute  zero,  provided 
that  its  parts  were  highly  transparent  to  all  kinds  of  radiation;  other- 
wise it  would  be  affected  by  the  radiation  of  the  sun,  and  would  there- 
fore become  heated.  But  supposing  all  difficulties  to  be  overcome, 
and  the  experimenter  to  be  able  to  reach  within  a  few  degrees  of  the 


HISTORY    OF   COLD   AND   THE    ABSOLUTE   ZERO.  225 

zero,  it  is  by  no  means  certain  that  he  would  tind  the  near  approach 
of  the  death  of  matter  sometimes  pictured.  Any  forecast  of  the  phe- 
nomena that  would  be  seen  must  be  hased  on  the  assumption  that 
there  is  continuity  between  the  processes  studied  at  attainable  temper- 
atures and  those  which  take  place  at  still  lower  ones.  Is  such  an 
assumption  justified?  It  is  true  that  many  changes  in  the  properties 
of  substances  have  been  found  to  vary  steadily  with  the  degree  of  cold 
to  which  they  are  exposed.  But  it  would  be  rash  to  take  for  granted 
that  the  changes  which  have  been  traced  in  explored  regions  continue 
to  the  same  extent  and  in  the  same  direction  in  those  which  are  as  yet 
unexplored.  Of  such  a  breakdown  low-temperature  research  has 
already  yielded  a  direct  proof  at  least  in  one  case.  A  series  of  experi- 
ments with  pure  metals  showed  that  their  electrical  resistance  gradu- 
ally decreases  as  they  are  cooled  to  lower  and  lower  temperatures,  in 
such  ratio  that  it  appeared  probable  that  at  the  zero  of  absolute  tem- 
perature they  would  have  no  resistance  at  all  and  would  become  perfect 
conductors  of  electricity.  This  was  the  inference  that  seemed  justifi- 
able by  observations  taken  at  depths  of  cold  which  can  be  obtained  b}' 
means  of  liquid  air  and  less  powerful  refrigemnts.  But  with  the 
advent  of  the  more  powerful  refrigerant  liquid  h^^drogen  it  became 
necessary  to  revise  that  conclusion.  A  discrepancy  was  first  observed 
when  a  platinum  resistance  thermometer  was  used  to  ascertain  the 
temperature  of  that  liquid  boiling  under,  atmospheric  and  reduced 
pressure.  All  known  liquids,  when  forced  to  evaporate  quickly  by 
being  placed  in  the  exhausted  receiver  of  an  air  pump,  undergo  a 
reduction  in  temperature,  but  when  hj^drogen  was  treated  in  this  way 
it  appeared  to  be  an  exception.  The  resistance  thermometer  showed 
no  such  reduction  as  was  expected,  and  it  became  a  question  whether 
it  was  the  hydrogen  or  the  thermometer  that  was  behaving  abnormally. 
Ultimately,  by  the  adoption  of  other  thermometrical  appliances,  the 
temperature  of  the  hydrogen  was  proved  to  be  lowered  by  exhaustion, 
as  theory  indicated.  Hence  it  was  the  platinum  thermometer  which 
had  broken  down;  in  other  words,  the  electrical  resistance  of  the  metal 
employed  in  its  consti'uction  was  not,  at  temperatures  about  minus 
250^  C,  decreased  by  cold  in  the  same  proportion  as  at  temperatures 
about  minus  200^.  This  being  the  case,  there  is  no  longer  any  reason 
to  suppose  that  at  the  absolute  zero  platinum  would  become  a  perfect 
conductor  of  electricity;  and  in  view  of  the  similarity  between  the 
behavior  of  platinum  and  that  of  other  pure  metals  in  respect  of  tem- 
perature and  conductivity,  the  presumption  is  that  the  same  is  true  of 
them  also.  At  any  rate,  the  knowledge  that  in  the  case  of  at  least  one 
property  of  matter  we  have  succeeded  in  attaining  a  depth  of  cold 
sufficient  to  bring  about  unexpected  change  in  the  law  expressing  the 
variation  of  that  property  with  temperature,  is  sufficient  to  show  the 
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the  necessity  for  extreme  caution  in  extending  our  inferences  regard- 
ing the  properties  of  matter  near  the  zero  of  temperature.  Lord 
Kelvin  evidently  anticipates  the  possibility  of  more  remarkable  elec- 
trical properties  being  met  with  in  the  metals  near  the  zero.  A  theo- 
retical investigation  on  the  relation  of  "electrions"  and  atoms  has  led 
him  to  suggest  a  hypothetical  metal  having  the  following  remarkable 
properties:  Below  1°  absolute  it  is  a  perfect  insulator  of  electricity; 
at  2°  it  shows  noticeable  conductivity,  and  at  6°  it  possesses  high  con- 
ductivity. It  may  safely  be  predicted  that  liquid  hydrogen  will  be 
the  means  by  which  many  obscure  problems  of  physics  and  chemistry 
will  ultimately  be  solved,  so  that  the  liquefaction  of  the  last  of  tJie  old 
permanent  gases  is  as  pregnant  now  with  future  consequences  of  great 
scientific  moment  as  was  the  liquefaction  of  chlorine  in  the  early  years 
of  the  last  century. 

The  next  step  toward  the  absolute  zero  is  to  find  another  gas  more 
volatile  than  hydrogen,  and  that  we  possess  in  the  gas  occurring  in 
clevite,  identified  by  Ramsay  as  helium,  a  gas  which  is  widely  distrib- 
uted, like  hydrogen,  in  the  sun,  stars,  and  nebulae.  A  specimen  of 
this  gas  was  subjected  by  Olszewski  to  liquid  air  temperatures,  com- 
bined with  compression  and  subsequent  expansion,  following  the 
Cailletet  method,  and  resulted  in  his  being  unable  to  discover  any 
appearance  of  liquefaction,  even  in  the  form  of  mist.  His  experi- 
ments led  him  to  infer  that  the  boiling  point  of  the  substance  is  prob- 
ably below  9°  absolute.  After  Lord  Rayleigh  had  found  a  new  source 
of  helium  in  the  gases  which  are  derived  from  the  Bath  springs,  and 
liquid  hydrogen  became  available  as  a  cooling  agent,  a  specimen  of 
helium  cooled  in  liquid  hydrogen  showed  the  formation  of  fluid,  but 
this  turned  out  to  be  owing  to  the  presence  of  an  unknown  admixture 
of  other  gases.  As  a  matter  of  fact,  a  year  before  the  date  of  this 
experiment  I  had  recorded  indications  of  the  presence  of  unknown 
gases  in  the  spectrum  of  helium  derived  from  this  source.  When  sub- 
sequently such  condensable  constituents  were  removed,  the  purified 
helium  showed  no  signs  of  liquefaction,  even  when  compressed  to  80 
atmospheres,  while  the  tube  containing  it  was  surrounded  with  solid 
hydrogen.  Further,  on  suddenly  expanding,  no  instantaneous  mist 
appeared.  Thus  helium  was  definitely  proved  to  be  a  much  more 
volatile  substance  than  hydrogen  in  either  the  liquid  or  solid  condition. 
The  inference  to  be  drawn  from  the  adiabatic  expansion  eflfected 
under  the  circumstances  is  that  helium  must  have  touched  a  temper- 
ature  of  from  9^  to  10°  for  a  short  time  without  showing  any  signs 
of  liquefaction,  and  consequently  that  the  critical  point  must  be  still 
lower.  This  would  force  us  to  anticipate  that  the  lioiling  point  of  the 
liquid  will  be  about  5°  absolute,  or  liquid  helium  will  be  four  times 
more  volatile  than  liquid  hydrogen,  just  as  liquid  hydrogen  is  four 
times  more  volatile  than  liquid  air.     Although  the  liquefaction  of  the 
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gas  is  a  problem  for  the  future,  this  does  not  prevent  us  from  antici- 
pating some  of  the  properties  of  the  fluid  body.  It  would  be  twice 
as  dense  as  liquid  hydrogen  if  the  ratio  of  the  critical  constants  has 
the  same  value  as  in  the  case  of  hydrogen — that  is  to  say,  the  critical 
pressure  will  not  exceed  4  or  5  atmospheres.  The  liquid  would  on 
this  assumption  possess  a  very  feeble  surface  tension,  and  its  compress- 
ibilit}^  and  expansibility  would  be  about  four  times  that  of  liquid 
hydrogen,  while  the  heat  required  to  vaporize  the  molocule  would  be 
about  one-fourth  that  of  liquid  hydrogen.  If  the  critical  pressure 
should  turn  out  to  be  as  high  as  that  of  nitrogen  or  oxygen,  then  the 
fluid  density  would  exceed  that  of  water,  and  the  surface  tension 
increased,  while  the  compressibility  would  be  diminished.  Heating 
the  liquid  1^  above  its  boiling  point  would  raise  the  pressure  by  If 
atmospheres,  which  is  more  than  four  times  the  increment  for  liquid 
hydrogen.  The  liquid  would  be  only  seventeen  times  denser  than  its 
vapor,  whereas  liquid  hydrogen  is  sixty-five  times  denser  than  the  gas 
it  gives  oflf.  Only  some  3^  or  4°  would  separate  the  critical  tempera- 
ture from  the  boiling  point  and  the  melting  point,  whereas  in  liquid 
hydrogen  the  separation  is  respectively  10^  and  16^,  As  the  liquid 
ref ractivities  for  oxygen,  nitrogen,  and  hydrogen  are  closely  propor- 
tional  to  the  gaseous  values,  and  as  Lord  Rayleigh  has  shown  that 
helium  has  only  one-fourth  the  refractivity  of  hydrogen,  although  it 
is  twice  as  dense,  we  may  infer  that  the  refractivity  of  liquid  helium 
would  also  be  al)out  one-fourth  that  of  liquid  hydrogen,  unless  the 
critical  pressure  is  high,  which  would  necessitate  an  increase  in  the 
value.  Now  hydrogen  has  the  smallest  refractivity  of  any  known 
liquid,  and  yet  liquid  helium  will  have  only  about  one-fourth  of  this 
value — comparable  in  fact  with  liquid  hydrogen  just  below  its  crit- 
ical point.  This  means  that  the  liquid  will  be  quite  exceptipnal  in  its 
optical  properties,  and  very  difficult  to  see.  This  may  be  the  explana- 
tion why  no  mist  has  been  seen  on  its  adiabatic  expansion  from  the  low- 
est temperatures.  Taking  all  these  remarkable  properties  of  the  liquid 
into  consideration,  one  is  afraid  to  predict  that  we  are  at  present  able 
to  cope  with  the  difficulties  involved  in  its  production  and  collection. 
Provided  the  critical  point  is,  however,  not  below  8°  absolute,  then 
from  the  knowledge  of  the  conditions  that  are  successful  in  produc- 
ing a  change  of  state  in  hydrogen  through  the  use  of  liquid  air,  we 
may  safely  predict  that  helium  can  be  liquefied  by  following  similar 
methods.  If,  however,  the  critical  point  is  as  low  as  6°  absolute,  then 
it  would  be  almost  hopeless  to  anticipate  success  by  adopting  the  pro- 
cess that  works  so  well  with  hj'drogen.  The  present  anticipation  is 
that  the  gas  will  succumb  after  being  subjected  to  this  process,  only, 
instead  of  liquid  air  under  exhaustion  being  used  as  the  primary  cool- 
ing agent,  liquid  hydrogen  evaporating  under  similar  circumstances 
must  be  employed.     In  this  case  the  resulting  liquid  would  require  to 
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be  collected  in  a  vacuum  vessel  the  outer  walls  of  which  are  immersed 
in  liquid  hydrogen.  The  practical  difficulties  and  the  cost  of  the  oper- 
ation will  be  very  great;  but  on  the  other  hand,  the  descent  to  a  tem- 
perature within  5^  of  the  zero  would  open  out  new  vistas  of  scientific 
inquiry  which  would  add  immensely  to  our  knowledge  of  the  pro^^er- 
ties  of  matter.  To  command  in  our  laboratories  a  temperature  which 
would  be  equivalent  to  that  which  a  comet  might  reach  at  an  infinite 
distance  from  the  sun  would  indeed  be  a  great  triumph  for  science. 
If  the  present  Royal  Institution  attack  on  helium  should  fail,  then  we 
must  ultimately  succeed  by  adopting  a  process  based  on  the  mechan- 
ical production  of  cold  through  the  performance  of  external  work. 
When  a  turbine  can  be  worked  by  compressed  helium,  the  whole  of  the 
mechanism  and  circuits  being  kept  surrounded  with  liquid  hydrogen, 
then  we  need  hardly  doubt  that  the  liquefaction  v;ill  be  effected.  In 
all  probability  gases  other  than  helium  will  be  discovered  of  greater 
volatility  than  hydrogen.  It  was  at  the  British  Association  meeting, 
in  1896,  that  I  made  the  first  suggestion  of  the  probable  existeiK-e  of 
an  unknown  element  which  would  be  found  to  fill  up  the  gap  between 
argon  and  helium,  and  this  anticipation  was  soon  taken  up  by  othei*s 
and  ultimately  confirmed.  Later,  in  the  Bakerian  Lectui-e  for  11H>L 
I  was  led  to  infer  that  another  member  of  the  helium  group  might 
exist  having  the  atomic  weight  about  2,  and  this  would  give  us  a  gas 
still  more  volatile  with  which  the  absolute  zero  might  be  still  more 
nearly  approached.  It  is  to  be  hoped  that  some  such  element  or  ele- 
ments may  yet  be  isolated  and  identified  as  coronium  or  nebulium.  If 
among  the  unknown  gases  possessing  a  very  low  critical  point  some 
have  a  high  critical  pressure  instead  of  a  low  one,  which  ordinary 
experience  would  lead  us  to  anticipate,  then  such  difficultly  liquefiable 
gases  would  produce  fluids  having  different  physical  properties  from 
any  of  those  with  which  we  are  accrual nted.  Again,  gases  may  exist 
having  smaller  atomic  weights  and  densities  than  hydrogen,  yet  all 
such  gases  must,  according  to  our  present  views  of  the  gaseous  state, 
be  capable  of  liquefaction  before  the  zero  of  temperature  is  reached. 
The  chemists  of  the  future  will  find  ample  scope  for  investigation 
within  the  apparently  limited  range  of  temperature  which  separates 
solid  hydrogen  from  the  zero.  Indeed,  great  as  is  the  sentimental 
interest  attached  to  the  liquefaction  of  these  refractory  ga.ses,  the 
importance  of  the  achievement  lies  rather  in  the  fact  that  it  opens  out 
new  fields  of  research  and  enormously  w^idens  the  horizon  of  physical 
science,  enabling  the  natural  philosopher  to  study  the  properties  and 
behavior  of  matter  under  entirely  novel  conditions.  This  department 
of  inquiry"  is  as  yet  only  in  its  infanc}^  but  speedy  and  extensive  devel- 
opments may  be  looked  for,  since  within  recent  years  seveml  special 
cr3'ogenic  laboratories  have  been  esta])lished  for  the  prosecution  of 
such  researches,  and  a  liquid-air  plant  is  becoming  a  common  adjunct 
to  the  equipment  of  the  ordinary  laboratory. 
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THE   UPPER   AIR   AND   AURORAS. 

The  present  liquid  ocean,  neglecting  everything  for  the  moment  but 
the  water,  was  at  a  previous  period  of  the  earth's  history  part  of  the 
atmosphere,  and  its  condensation  has  been  brought  about  by  the  grad- 
ual cooling  of  the  earth's  surface.  This  resulting  ocean  is  subjected 
to  the  pressure  of  the  remaining  uncondensed  gases,  and  as  these  are 
slightly  soluble  they  dissolve  to  some  extent  in  the  fluid.  The  gases 
in  solution  can  be  taken  out  hy  distillation  or  by  exhausting  the  water, 
and  if  we  compare  their  volume  with  the  volume  of  the  water  as  steam, 
we  should  find  about  IVolume  of  air  in  60,000  volumes  of  steam.  This 
would  then  be  about  the  rough  proportion  of  the  relatively  permanent 
gas  to  condensable  gas  which  existed  in  the  case  of  the  vaporized  ocean. 
Now  lot  us  assume  the  surface  of  the  earth  gradually  cooled  to  some 
200 '  below  the  freezing  point;  then,  .after  all  the  present  ocean  was 
frozen  and  the  climate  became  three  times  more  intense  than  any  arctic 
frost,  a  new  ocean  of  liquid  air  would  appear,  covering  the  entire 
surface  of  the  frozen  globe  about  35  feet  deep.  We  may  now  apply 
the  same  reasoning  to  the  liquid-air  ocean  that  we  formerly  did  to  the 
water  one,  and  this  would  lead  us  to  anticipate  that  it  might  contain  in 
solution  some  gases  that  may  be  far  less  condensable  than  the  chief 
constituents  of  the  fluid.  In  order  to  separate  them  we  must  imitate 
the  method  of  taking  the  gases  out  of  water.  Assume  a  sample  of 
liquid  air  cooled  to  the  low  temperature  that  can  be  reached  by  its  own 
evaporation,  connected  by  a  pipe  to  a  condenser  cooled  in  liquid  hydro- 
gen; then  any  volatile  gases  present  in  solution  will  distill  over  with 
the  first  portions  of  the  air,  and  can  be  pumped  off,  being  uncondensable 
at  the  temperature  of  the  condenser.  In  this  way  a  gas  mixture,  con- 
taining, of  the  known  gases,  free  hydrogen,  helium,  and  neon,  has  been 
separated  from  liquid  air.  It  is  interesting  to  note  in  passing  that  the 
relative  volatilities  of  water  and  oxygen  are  in  the  same  ratio  as  those  of 
liquid  air  and  h^^drogen,  so  that  the  analogy  between  the  ocean  of 
water  and  that  of  liquid  air  has  another  suggestive  parallel.  The  total 
uncondensable  gas  separated  in  this  way  amounts  to  about  one  fifty- 
thousandth  of  the  volume  of  the  air,  which  is  about  the  same  propor- 
tion as  the  air  dissolved  in  water.  That  free  hydrogen  exists  in  air  in 
small  amount  is  conclusively  proved,  but  the  actual  proportion  found 
by  the  process  is  ver}'^  much  smaller  than  Gautier  has  estimated  by 
the  combustion  method.  The  recent  experiments  of  Lord  Rayleigh 
show  that  Gautier,  who  estimated  the  hydrogen  present  as  one  five- 
thousandth,  has  in  some  way  produced  more  hydrogen  than  he  can 
manage  to  extmct  from  pure  air  by  a  repetition  of  the  same  process. 
The  spectroscopic  examination  of  these  gases  throws  new  light  upon 
the  question  of  the  aurora  and  the  nature  of  the  upper  air.  On  pass- 
ing electric  discharges  through  the  tubes  containing  the  most  volatile 
of  the  atmospheric  gases,  they  glow  with  a  bright  orange  light,  which 
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18  enpocially  marked  at  the  negative  pole.  The  spectroscope  shows 
that  this  light  consists,  in  the  visible  part  of  the  spectrum,  chiefly  of 
a  succession  of  strong  rays  in  the  red,  orange,  and  yellow,  attributed 
to  hydrogen,  helium,  and  neon.  Besides  these,  a  vast  number  of  rays, 
general!}^  less  brilliant,  are  distributed  through  the  whole  length  of 
the  visible  spectrum.  The  greater  part  of  these  rays  are  of,  as  3'et, 
unknown  origin.  The  violet  and  ultraviolet  part  of  the  spectrum 
rivals  in  strength  that  of  the  red  and  yellow  rays.  As  these  gases 
probably  include  some  of  the  gases  that  pervade  interplanetary  space, 
search  was  made  for  the  prominent  nebular,  coronal,  and  auroral  lines. 
No  definite  lines  agreeing  with  the^ nebular  spectrum  could  be  found, 
but  many  lines  occurred  closely  coincident  with  the  coronal  and  auroral 
spectrum.  But  before  discussing  the  spectroscopic  problem  it  will  be 
necessary  to  consider  the  nature  and  condition  of  the  upper  air. 

According  to  the  old  law  of  Dalton,  supported  by  the  modern 
dynamical  theory  of  gases,  each  constituent  of  the  atmosphere  while 
i^ted  upon  by  the  force  of  gravity  forms  a  separate  atmosphere,  com- 
pletely independent,  except  as  to  temperature,  of  the  others,  and  the 
relations  between  the  conmion  temperature  and  the  pressure  and  alti- 
tude for  each  specific  atmosphere  can  be  definitely  expressed.  If  we 
assume  the  altitude  and  temperature  known,  then  the  pressure  can  be 
ascertained  for  the  siune  height  in  the  case  of  each  of  the  gaseous  con- 
stituents, and  in  this  way  the  percentage  composition  of  the  atmos- 
phere at  that  place  may  be  deduced.  Suppose  we  start  with  a  surface 
atmosphere  having  the  composition  of  our  air,  only  containing  two 
ten-thousandths  of  hydrogen,  then  at  37  miles,  if  a  sample  could  be 
procured  for  analysis,  we  believe  that  it  would  be  found  to  contain  12 
per  cent  of  hydrogen  and  only  10  per  cent  of  oxygen.  The  carbonic 
acid  practically  disappears,  and  by  the  time  we  reach  47  miles,  where 
the  temperature  is  minus  132^,  assuming  a  gradient  of  3.2^  per  mile, 
the  nitrogen  and  oxygen  have  so  thinned  out  that  the  only  constituent 
of  the  upper  air  which  is  left  is  hydrogen.  If  the  gradient  of  temper- 
ature were  doubled,  the  elimination  of  the  nitrogen  and  oxygen  would 
take  place  by  the  time  37  miles  was  reached,  with  a  temperature  of 
minus  220^.  The  permanence  of  the  composition  of  the  air  at  the  high- 
est altitudes,  as  deduced  from  the  basis  of  the  dynamical  theory  of  gases, 
has  been  discussed"by  Stoney,  Bryan,  and  othei*s.  It  would  appear  that 
there  is  a  consensus  of  opinion  that  the  rate  at  which  gases  like  hydro- 
gen and  helium  could  escape  from  the  eaiiii's  atmosphei'e  would  be  exces- 
sively slow.  Considering  that  to  compensate  any  such  loss  the  same 
gases  are  being  supplied  by  actions  taking  place  in  the  crust  of  the  earth, 
we  may  safely  regard  them  as  necessarily  peimanent  constituents  of  the 
upper  air.  The  temperature  at  the  elevations  we  have  been  discussing 
would  not  be  sufficient  to  cause  any  liquefaction  of  the  nitrogen  and 
oxygen,  the  pressure  being  so  low.     If  we  assume  the  mean  temper- 
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ature  as  about  the  boiling  point  of  oxygen  at  atmospheric  pressure, 
then  a  considerable  amount  of  the  carbonic  acid  must  solidify  as  a 
mist,  if  the  air  from  a  lower  level  be  cooled  to  this  temperature;  and 
the  same  result  might  take  place  with  other  gases  of  relatively  small 
volatility  which  occur  in  air.  This  would  explain  the  clouds  that  have 
been  seen  at  an  elevation  of  50  miles,  without  assuming  the  possibility 
of  water  vapor  being  carried  up  so  high.  The  temperature  of  the 
upper  air  must  be  above  that  on  the  vapor  pressure  curve  corre- 
sponding to  the  barometric  pressure  at  the  locality,  otherwise  liquid  * 
condensation  must  take  place.  In  other  words,  the  temperature  must 
be  above  the  dew  point  of  air  at  that  place.  At  higher  elevations,  on 
any  reasonable  assumption  of  temperature  distribution,  we  inevitably 
reach  a  temperature  where  the  air  would  condense,  just  as  Fourier 
and  Poisson  supposed  it  would,  unless  the  temperature  is  arrested  in 
some  way  from  approaching  the  zero.  Both  ultra-violet  absorption 
and  the  prevalence  of  electric  storms  may  have  something  to  do  with 
the  maintenance  of  a  higher  mean  temperature.  The  whole  mass  of 
the  air  above  40  miles  is  not  more  than  one  seven-hundredth  part  of 
the  total  mass  of  the  atmosphere,  so  that  any  rain  or  snow  of  liquid  or 
solid  air,  if  it  did  occur,  would  necessarily  be  of  a  very  tenuous  descrip- 
tion. In  any  case,  the  dense  gases  tend  to  accumulate  in  the  lower 
strata,  and  the  lighter  ones  to  predominate  at  the  higher  altitudes, 
always  assuming  that  a  steady  state  of  equilibrium  has  been  reached. 
It  must  be  observed,  however,  that  a  sample  of  air  taken  at  an  eleva- 
tion of  9  miles  has  shown  no  difference  in  composition  from  that  at  the 
ground,  whereas,  according  to  our  hypothesis,  the  oxygen  ought  to 
have  been  diminished  to  17  per  cent,  and  the  carbonic  acid  should  also 
have  become  much  less.  This  can  only  be  explained  by  assuming  that 
a  large  intermixture  of  different  layers  of  the  atmosphere  is  still  taking 
place  at  this  elevation.  This  is  confirmed  by  a  study  of  the  motions 
of  clouds  about  6  miles  high,  which  reveals  an  average  velocity  of  the 
air  currents  of  some  70  miles  an  hour;  such  violent  winds  must  be  the 
means  of  causing  the  intermingling  of  different  atmospheric  strata. 
Some  clouds,  however,  during  hot  and  thundery  weather,  have  been 
seen  to  reach  an  elevation  of  17  miles,  so  that  we  have  direct  proof 
that  on  occasion  the  lower  layers  of  atmosphere  are  carried  to  a  great 
elevation.  The  existence  of  an  atmosphere  at  more  than  100  miles 
above  the  surface  of  the  earth  is  revealed  to  us  by  the  appearance  of 
meteors  and  fireballs,  and  when  we  can  take  photographs  of  the  spec- 
trum of  such  apparitions  we  shall  learn  a  great  deal  about  the  compo- 
sition of  the  upper  air.  In  the  meantime  Pickering's  solitary  spec- 
trum of  a  meteor  reveals  an  atmosphere  of  hydrogen  and  helium,  and 
so  far  this  is  corroborative  of  the  doctrine  we  have  been  discuss- 
ing. It  has  long  been  recognized  that  the  aurora  is  the  result  of  elec- 
tric discharge  within  the  limits  of  the  earth's  atmosphere,  but  it  was 
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cliffif'ult  to  understand  why  its  spectrum  should  be  so  entirely  differ- 
ent from  anything  which  could  be  produced  artificially  by  electric  dis- 
charges through  rarefied  air  at  the  surface  of  the  earth.  Writing  in 
1871^,  Rand  Capron,  after  collecting  all  the  recorded  obsenrattons,  was 
able  to  enumerate  no  more  than  nine  auroral  rays,  of  which  but  one 
could  with  an}'  probability^  be  identified  with  rays  emitted  by  atmos- 
pheric air  under  an  electric  discharge.  Vogel  attributed  this  want  of 
agreement  l)etween  nature  and  experiment,  in  a  vague  way,  to  differ- 
ence of  temperatun^  and  pressure:  and  ZoUner  thought  the  auroral 
spectrum  to  be  one  of  a  different  order,  in  the  sense  in  which  the  line 
and  band  spectra  of  nitrogen  are  said  to  be  of  different  orders.  Such 
statements  were  merely  confessions  of  ignorance.  But  since  that  time 
ol)ser\'ations  of  the  spectni  of  auroras  have  been  greatly  multiplied, 
chiefly  through  the  Swedish  and  Danish  polar  expeditions,  and  the 
length  of  spectrum  recorded  on  the  ultra-violet  side  has  been  greatly 
extended  by  the  use  of  photography,  so  that,  in  a  recent  discussion  of 
the  results,  M.  Henri  Stassano  is  able  to  enumerate  upward  of  one 
hundred  auroral  rays,  of  which  the  wave  length  is  more  or  less  approxi- 
mately known,  some  of  them  far  in  the  ultra-violet.  Of  this  large 
number  of  rays  he  is  able  to  identify,  within  the  probable  limits  of 
errors  of  observation,  about  two-thirds  as  rays,  which  Professor  Live- 
ing  and  myself  have  observed  to  be  emitted  by  the  most  volatile  gases 
of  atmospheric  air  unliquefiable  at  the  temperature  of  liquid  hydrogen. 
Most  of  the,  remainder  he  ascribes  to  argon,  and  some  he  might,  with 
more  probability,  have  identified  with  krypton  or  xenon  rays,  if  he  had 
l>een  aware  of  the  publication  of  wave  lengths  of  the  spectra  of  those 
gases,  and  the  identification  of  one  of  the  highest  rays  of  krypton 
with  that  most  characteristic  of  auroras.  The  rosv  tint  often  seen  in 
auroras,  particularly  in  the  streamers,  appears  to  be  due  mainly  to 
neon,  of  which  the  spectrum  is  remarkably  rich  in  red  and  orange 
rays.  One  or  two  neon  rays  are  among  those  most  frequently  observed, 
while  the  red  ray  of  hydrogen  and  one  red  ray  of  krypton  have  been 
noticed  only  once.  The  predominance  of  neon  is  not  sui-prising, 
s<»eing  that  from  its  relatively  greater  proportion  in  air  and  its  low 
density  it  must  tend  to  concentrate  at  higher  elevations.  So  large  a 
numlu^r  of  probable  identifications  warrants  .the  belief  that  we  may 
yet  l>e  able  to  reproduce  in  our  1al)oratories  the  auroral  spectrum  in 
its  entirety.  It  is  true  that  we  have  still  to  account  for  the  appear- 
ance of  some,  and  the  absence  of  other,  rays  of  the  newly  discovered 
gases,  which  in  the  way  in  which  we  stimulate  them  appear  to  be 
e(|ually  brilliant,  and  for  the  absence,  with  one  doubtful  exception,  of 
all  the  rays  of  nitrogen.  If  we  can  not  give  the  reason  of  this,  it  is 
l)ecause  we  do  not  know  the  mechanism  of  luminescence — nor  even 
whether  the  particles  which  carry  the  electricity  are  themselves  lumi- 
nous, or  whether  they  only  produce  stresses  causing  other  particles 
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which  encounter  them  to  vibrate;  yet  we  are  certain  that  an  electric 
discharge  in  a  highly  rarefied  mixture  of  gases  lights  one  element 
and  not  another,  in  a  way  which,  to  our  ignorance,  seems  capri- 
cious. The  Swedish  North  Polar  Expedition  concluded  from  a  great 
number  of  trigonometrical  measurements  that  the  average  above  the 
ground  of  the  base  of  the  aurora  was  50  kilometers  (34  miles)  at  Cape 
Thorsden,  Spitzbergen;  at  this  height  the  pressure  of  the  nitrogen  of 
the  atmosphere  would  be  only  about  one-tenth  of  a  millimeter,  and 
Moissan  and  Deslandres  have  found  that  in  atmospheric  air  at  pressures 
loss  than  1  mm.  the  rays  of  nitrogen  and  oxygen  fade  and  are  replaced 
by  those  of  argon  and  by  five  new  rays  which  Stassano  identifies  with 
rays  of  the  more  volatile  gases  measured  by  us.  Also  Collie  and 
Kamsay's  observations  on  the  distance  to  which  electrical  discharges 
of  equal  potential  traverse  different  gases  explosively  throw  much 
light  on  the  question;  for  they  find  that,  while  for  helium  and  neon 
this  distance  is  from  250  to  300  mm.,  for  argon  it  is  45^  mm.,  for 
hj'drogen  it  is  39  mm.,  and  for  air  and  oxygen  still  less.  This 
indicates  that  a  good  deal  depends  on  the  very  constitution  of  the 
gBses  themselves,  and  certainly  helps  us  to  understand  why  neon  and 
argon,  which  exist  in  the  atmosphere  in  larger  proportions  than  helium, 
krypton,  or  xenon,  should  make  their  appeamnce  in  the  spectrum 
of  auroras  almost  to  the  exclusion  of  nitrogen  and  oxygen.  How 
much  depends  not  only  on  the  constitution  and  it  may  be  tempei*ature 
of  the  gases,  but  also  on  the  character  of  the  electric  discharge,  is  evi- 
dent from  the  difference  between  the  spectra  at  the  cathode  and 
anode  in  different  gases,  notably  in  nitrogen  and  argon,  and  not  less 
remarkably  in  the  more  volatile  compounds  of  the  atmosphere. 
Paulsen  thinks  the  auroral  spectrum  wholly  due  to  cathodic  rays. 
Without  stopping  to  discuss  that  question,  it  is  certain  that  changes  in 
the  character  of  the  electric  discharge  produce  definite  changes  in  the 
spectra  excited  by  them.  It  has  long  been  known  that  in  man}'  spectra 
the  rays  which  are  inconspicuous  with  an  uncondensed  electric  dis- 
charge become  very  pronounced  when  a  Leyden  jar  is  in  the  circuit. 
This  used  to  be  ascribed  to  a  higher  temperature  in  this  condensed 
.spark,  though  measurements  of  that  temperature  have  not  borne  out 
the  explanation.  Schuster  and  Hemsalech  have  shown  that  these 
changes  of  spectra  are  in  part  due  to  the  oscillatory  character  of  the 
condenser  discharge  which  may  be  enhanced  by  self-induction,  and 
the  corresponding  change  of  spectrum  thereby  made  more  pronounced. 
Lightning  we  should  expect  to  resemble  condensed  discharge  much 
more  than  aurora,  but  this  is  not  borne  out  by  the  spectrum.  Pick- 
ering's recent  analysis  of  the  spectrum  of  a  flash  obtained  by  photog- 
raphy shows,  out  of  nineteen  lines  measured  by  him,  only  two  which 
can  be  assigned  with  probability  to  nitrogen  and  oxygen,  while  three 
hydrogen  rays  most  likely  due  to  water  are  very  conspicuous,  and 
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eleven  may  be  reasonably  ascribed  to  argon,  krypton,  and  xenon,  one 
to  more  volatile  gas  of  the  neon  class,  and  the  brightest  ray  of  all  is 
but  a  very  little  less  refrangible  than  the  chai^acteristic  auroral  ra3', 
and  coincides  with  a  strong  ray  of  calcium,  but  also  lies  between,  and 
close  to,  an  argon  and  a  neon  ray,  neither  of  them  weak  rays.  There 
may  be  some  doubt  about  the  identification  of  the  spectral  rays  of 
auroras  because  of  the  wide  limits  of  the  probable  errors  in  measuring 
wave  lengths  so  faint  as  most  of  them  are,  but  there  is  no  such  doubt 
about  the  wave  lengths  of  the  rays  in  solar  protubei'ances  measured 
by  Deslandres  and  Hale.  Stassano  found  that  these  rays,  forty-four 
in  number,  lying  between  the  Fraunhofer  line  7^  and  3148  in  the  ultra- 
violet agree  very  closely  with  rays  which  Professor  Liveing  and 
myself  measured  in  the  spectra  of  the  most  volatile  atmospheric  gases. 
It  will  be  remembered  that  one  of  the  earliest  suggestions  as  to  the 
nature  of  solar  prominences  was  that  they  were  solar  auroras.  This 
supposition  helped  to  explain  the  marvelous  rapidity  of  their  changes, 
and  the  apparent  suspension  of  brilliant  self-luminous  clouds  at  enor- 
mous heights  above  the  sun's  surface.  Now,  the  identification  of  the 
rays  of  their  spectra  with  those  of  the  most  volatile  gases,  which  also 
furnish  many  of  the  auroral  rays,  certainly  supports  that  suggestion. 
A  stronger  support,  however,  seems  to  be  given  to  it  by  the  results 
obtained  at  the  total  eclipse  of  May,  1901,  by  the  American  expedition 
to  Sumatra.  In  the  Astrophysical  Journal  for  June  last  is  a  list  of 
339  lines  in  the  spectrum  of  the  corona  photographed  by  Humphreys, 
during  totality,  with  a  very  large  concave  grating.  Of  these  no  fewer 
than  209  do  not  differ  from  lines  we  have  measured  in  the  most  volatile 
gases  of  the  atmosphere,  or  in  krypton  or  xenon,  b}-  more  than  one 
unit  of  wave  length  on  Armstrong's  scale,  a  quantity  within  the  limit 
of  probable  error.  Of  the  remainder,  a  good  many  agree  to  a  like 
degree  with  argon  lines,  a  very  few  with  oxygen  lines,  and  still  fewer 
with  nitrogen  lines;  the  characteristic  green  auroral  ray,  which  is  not 
in  the  range  of  Humphreys's  photographs,  also  agrees  within  a  small 
fraction  of  a  unit  of  wave  length  with  one  of  the  rays  emitted  by  the 
most  volatile  atmospheric  gas.  Taking  into  account  the  Fraunhofer 
lines  77",  K^  and  G^  usually  ascribed  to  calcium,  there  remain  only  55 
lines  of  the  339  unaccounted  for  to  the  degree  of  probability  indicated. 
Of  these  considerablv  more  than  half  are  verv  weak  lines  which  have 
not  depicted  themselves  on  more  than  one  of  the  six  films  exposed, 
and  extend  but  a  very  short  distance  into  the  sun's  atmosphere.  There 
are,  however,  seven  which  are  stronger  lines,  and  reach  to  a  consid- 
erable height  above  the  sun's  rim,  and  all  have  depicted  themselves  on 
at  least  four  of  the  six  films.  If  there  be  no  considerable  error  in 
the  wave  lengths  assigned  (and  such  is  not  likely  to  be  the  case),  these 
lines  may  perhaps  be  due  to  some  volatile  element  which  may  yet  be 
discovered  in  our  atmosphere.     However  that  may  be,  the  very  great 
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number  of  close  coincidences  between  the  auroral  rays  and  those 
which  are  emitted  imder  electric  excitement  by  gases  of  our  atmos- 
phere almost  constrains  us  to  believe,  what  is  indeed  most  probable  on 
other  grounds,  that  the  sun's  coronal  atmosphere  is  composed  of  the 
same  substances  as  the  earth's,  and  that  it  is  rendered  luminous  in  the 
same  way — namely,  ])y  electric  discharges.  This  conclusion  has  plainly 
an  important  bearing  on  the  explanation  which  should  be  given  of  the 
outburst  of  new  stars  and  of  the  extraordinary  and  i-apid  changes  in 
their  spectra.  Moreover,  leaving  on  one  side  the  question  whether 
gases  ever  become  luminous  by  the  direct  action  of  heat,  apart  from 
such  transfers  of  energy  as  occur  in  chemical  change  and  electric  dis- 
turbance, it  demands  a  revision  of  the  theories  which  attribute  more 
permanent  differences  between  the  spectra  of  diiferent  stars  to  differ- 
ences of  temperature,  and  a  fuller  consideration  of  the  question 
whether  tbej^  can  not  with  better  reason  be  explained  by  differences 
in  the  electric  conditions  which  prevail  in  the  stellar  atmosphere. 

If  we  turn  to  the  question  what  is  the  cause  of  the  electric  discharges 
which  are  generally  believed  to  occasion  auroras,  but  of  which  little 
more  has  hitherto  been  known  than  that  they  are  connected  with  sun 
spots  and  solar  eruptions,  recent  studies  of  electric  discharges  in  high 
vacua,  with  which  the  names  of  Grookes,  ROntgen,  Lenard,  and  J.  J. 
Thomson  will  always  be  associated,  have  opened  the  way  for  Arrhe- 
nius  to  suggest  a  definite  and  i-ational  answer.  He  points  out  that  the 
frequent  disturbances  which  we  know  to  occur  in  the  sun  must  cause 
electric  discharges  in  the  sun's  atmosphere  far  exceeding  any  that 
occur  in  that  of  the  earth.  These  will  be  attended  with  an  ionisation 
of  the  gases,  and  the  negative  ions  will  stream  away  through  the  outer 
atmosphere  of  the  sun  into  the  interplanetary  space,  becoming,  as 
Wilson  has  shown,  nuclei  of  aggregation  of  condensable  vapors  and 
cosmic  dust.  The  liquid  and  solid  particles  thus  formed  will  be  of 
various  sizes;  the  larger  will  gi-avitate  back  to  the  sun,  while  those 
with  diameters  less  than  one  and  a  half  thousandths  of  a  millimeter,  but 
nevertheless  greater  than  a  wave  length  of  light,  will,  in  accordance 
with  Clerk-Maxwell's  electro-magnetic  theory,  be  driven  away  from 
the  sun  by  the  incidence  of  the  solar  rays  upon  them,  with  velocities 
which  may  become  enormous,  until  they  meet  other  celestial  bodies, 
or  increase  their  dimensions  by  picking  up  more  cosmic  dust  or 
diminish  them  by  evaporation.  The  earth  will  catch  its  share  of  such 
particles  on  the  side  which  is  turned  toward  the  sun,  and  its  upper 
atmosphere  will  thereby  become  negatively  electrified  until  the 
potential  of  the  charge  reaches  such  a  point  that  a  discharge  occurs, 
which  will  be  repeated  as  more  charged  particles  reach  the  earth. 
This  theory  not  only  accounts  for  the  auroi'al  discharges,  and  the 
coincidence  of  their  times  of  greatest  frequency  with  those  of  the 
maxima  of  sun  spots,  but  also  for  the  minor  maxima  and  minima. 
The  vernal  and  autumnal  maxima  occur  when  the  line  through  the 
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earth  and  sun  has  its  greatest  inclination  to  the  solar  equator,  so  that 
the  earth  is  nioi-e  directly  exposed  to  the  region  of  maximum  of  sun 
spots,  while  the  twenty-six  days  period  corresponds  closely  with  the 
period  of  rotation  of  that  part  of  the  solar  surface  where  faculae  are 
most  abundant.  J.  J.  Thomson  has  pointed  out,  as  a  consequence  of 
the  Richardson  obseiTations,  that  negative  ions  will  be  constantly 
streaming  from  the  sun  merely  regarded  as  a  hot  body,  but  this  is  not 
inconsistent  with  the  supposition  that  there  will  be  an  excess  of  this 
emission  in  eruptions,  and  from  the  regions  of  faculte.  Arrhenius's 
theory  accounts  also,  in  a  way  which  seems  the  most  satisfactory 
hitherto  enunciated,  for  the  appearances  presented  by  comets.  The 
solid  parts  of  these  objects  absorb  the  sun's  rays,  and  as  they  approach 
the  sun  become  heated  on  the  side  turned  toward  him  until  the  volatile 
substances  frozen  in  or  upon  them  are  evaporated  and  diffused  in  the 
gaseous  state  in  surrounding  space,  where  they  get  cooled^  to  the 
temperature  of  liquefaction  and  aggregated  in  drops  about  the  nega- 
tive ions.  The  larger  of  these  drops  gravitate  toward  the  sun  and 
form  clouds  of  the  coma  about  the  head,  while  the  smaller  are  driven 
by  the  incidence  of  the  sun's  light  upon  them  away  from  the  sun  and 
form  the  tail.  The  curvature  of  the  tail  depends,  as  Bredichin  has 
shown,  on  the  rate  at  which  the  particles  are  driven,  which  in  turn 
depends  on  the  size  and  specific  gravity  of  the  particles,  and  these  will 
vary  with  the  density  of  the  vapor  from  which  they  are  formed  and 
the  frequency  of  the  negative  ions  which  collect  them.  In  any  case 
Arrhenius's  theory  is  a  most  suggestive  one,  not  only  with  reference 
to  auroras  and  comets,  and  the  solar  corona  and  chromosphere,  but 
also  as  to  the  constitution  of  the  photosphere  itself. 

VARIOUS   LOW   TEMPERATURE   RESEARCHES. 

We  may  now  summarize  some  of  the  results  which  have  already 
been  attained  by  low-temperature  studies.  In  the  first  place,  the 
great  majority  of  chemical  interactions  are  entirely  suspended,  but  an 
element  of  such  exceptional  powers  of  combination  as  fluorine  is  still 
activ^e  at  the  temperature  of  liquid  air.  Whether  solid  fluorine  and 
liquid  hydrogen  would  interact  no  one  can  at  present  say.^  Bodies 
naturally  become  denser,  but  even  a  highly  expansive  substance  like 
ice  does  not  appear  to  reach  the  density  of  water  at  the  lowest  tem- 
perature. This  is  confirmatoiy  of  the  view  that  the  particles  of  mat- 
ter under  such  conditions  are  not  pocked  in  the  closest  possible  way. 
The  force  of  cohesion  is  greatly  increased  at  low  temperatures,  as  is 
shown  by  the  additional  stress  required  to  rupture  metallic  wires. 
This  fact  is  of  interest  in  connection  with  two  conflicting  theories  of 

a  Note  by  author,  April  16,  1903.  In  a  recent  communication  to  the  French 
Academy  by  Professor  Moissan  and  myself  it  ia  shown  that  violent  combinations 
take  place,  8o  that  chemical  action  can  in  certain  cases  take  place  near  the  zero  of 
temperature.     [See  Compter  Bendus,  March  30,  1903.] 
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matter.  Lord  Kelvin's  view  is  that  the  forces  that  hold  together  the 
particles  of  bodies  may  be  accounted  for  without  assuming  any  other 
agency  than  gravitation  or  any  other  law  than  the  Newtonian.  An 
opposite  view  is  that  the  phenomena  of  the  aggregation  of  molecules 
depend  upon  the  molecular  vibration  as  a  physical  cause.  Hence,  at 
the  zero  of  absolute  temperature,  this  vibrating  energy  being  in  com- 
plete abeyance,  the  phenomena  of  cohesion  should  cease  to  exist,  and 
matter  generally  be  reduced  to  an  incoherent  heap  of  cosmic  dust. 
This  second  view  receives  no  support  from  experiment. 

The  photographic  action  of  light  is  diminished  at  the  temperature 
of  liquid  air  to  about  20  per  cent  of  its  ordinary  efficiency,  and  at  the 
still  lower  temperature  of  liquid  hydrogen  only  about  10  per  cent  of 
the  original  sensitivity  remains.  At  the  temperature  of  liquid  air  or 
liquid  hydrogen  a  large  range  of  organic  bodies  and  many  inorganic 
ones  accjuire  under  exposure  to  violet  light  the  property  of  phosphor- 
escence. Such  l)odies  glow  faintly  so  long  as  they  are  kept  cold,  but 
become  exceedingly  brilliant  during  the  period  when  the  tempei^ature 
is  rising.  Even  solid  air  is  a  phosphorescent  body.  All  the  alkaline 
earth  sulphides  which  phosphoresce  brilliantly  at  the  ordinary  temper- 
ature lose  this  property  when  cooled,  to  be  revived  on  heating;  but 
such  bodies  in  the  first  instance  may  be  stimulated  through  the  absorp- 
tion of  light  at  the  lowest  temperatures.  Radio-active  bodies,  on  the 
other  hand,  like  i*adium,  which  are  natui'ally  self-luminous,  maintain 
this  luminosity  unimpaired  at  the  ver}'^  lowest  temperatures,  and  are 
still  capable  of  inducing  phosphorescence  in  bodies  like  the  platino- 
cyanides.  Some  crystals  become  for  a  time  self-luminous  when  cooled 
in  liquid  air  or  hydrogen,  owing  to  the  induced  electric  stimulation 
causing  discharges  between  the  crystal  molecules.  This  phenomenon 
is  very  pronounced  with  nitrate  of  uranium  and  some  platino-eyanides. 

In  conjunction  with  Professor  Fleming  a  long  series  of  experiments 
was  made  on  the  electric  and  magnetic  properties  of  bodies  at  low 
temperatures.  The  subjects  that  have  been  under  investigation  may 
be  classified  as  follows:  The  Thermo-Electric  Powers  of  Pure  Metals; 
the  Magnetic  Properties  of  Iron  and  Steel;  Dielectric  Constants;  the 
Magnetic  and  Electric  Constants  of  Liquid  Oxygen;  Magnetic  Sus- 
ceptibility. 

The  investigations  have  shown  that  electric  conductivity  in  pure 
metals  varies  almost  inversely  as  the  absolute  temperature  down  to 
minus  200^,.  but  that  this  law  is  greatly  affected  by  the  presence  of  the 
most  minute  amount  of  impurity.  Hence  the  results  amount  to  a 
proof  that  electric  resistance  in  pure  metals  is  closely  dependent  upon 
the  molecular  or  atomic  motion  which  gives  rise  to  temperature,  and 
that  the  process  by  which  the  energy  constituting  what  is  called  an 
electric  current  is  dissipated  essentiallj^  depends  upon  nonhomogeneit}" 
of  structure  and  upon  the  absolute  temperature  of  the  material.  It 
might  be  inferred  that  at  the  zero  of  absolute  temperature  resistance 
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would  vanish  altogether,  and  all  pure  metals  l>ecome  perfect  con- 
ductors of  electricity.  This  conclusion,  however,  has  been  rendered 
very  doubtful  by  subsequent  observations  made  at  still  lower  temper- 
atures, which  appear  to  point  to  an  ultimate  finite  resistance.  Thus 
the  tempei'ature  at  which  copper  was  assumed  to  have  no  resistance 
was  minus  223^,  but  that  metal  has  been  cooled  to  minus  253^  without 
getting  rid  of  all  resistance.  The  reduction  in  resistance  of  some  of 
the  metals  at  the  boiling  point  of  hydrogen  is  very  remarkable.  Thus 
copper  has  only  1  per  cent,  gold  and  platinum  3  per  cent,  and  silver 
4r  per  cent  of  the  resistance  they  possessed  at  zero  C. ,  but  iron  still 
retains  12  per  cent  of  its  initial  resistance.  In  the  case,  of  alloys  and 
impure  metals  cold  brings  about  a  much  smaller  decrease  in  resis- 
tivity, and  in  the  case  of  carbon  and  insulatoi-s  like  gutta-percha,  glass, 
ebonite,  etc.,  their  resistivity  steadily  increases.  The  enormous 
increase  in  resistance  of  bismuth  when  ti*ansversely  magnetized  and 
cooled  was  also  discovered  in  the  course  of  these  experiments.  The 
study  of  dielectric  constants  at  low  temperatures  has  resulted  in  the 
discovery  of  some  interesting  facts.  A  fundamental  deduction  from 
Maxwell's  theory  is  that  the  square  of  the  refractive  index  of  a  body 
should  be  the  same  number  as  its  dielectric  constant.  So  far,  however, 
from  this  being  the  case  generally,  the  exceptions  are  far  more  niuner- 
ous  than  the  coincidences.  It  has  been  shown  in  the  case  of  manv 
substances,  such  as  ice  and  glass,  that  an  increase  in  the  frequency  of 
the  alternating  electromotive  force  results  in  a  reduction  of  the  dielec- 
tric constant  to  a  value  more  consistent  with  Maxwell's  law.  By 
experiments  upon  many  substances  it  is  shown  that  even  a  moderate 
increase  of  frequency  brings  the  large  dielectric  constant  to  values 
quite  near  to  that  required  by  Maxwell's  law.  It  was  thus  shown  that 
low  temperature  has  the  same  effect  as  high  frequency'  in  annulling  the 
abnormal  diele<;tric  values.  The  exact  measurement  of  the  dielectric 
constant  of  liquid  oxygen,  as  well  as  its  magnetic  permeability,  com- 
bined with  the  optical  determination  of  the  refrative  index  showed 
that  liquid  oxygen  strictly  obeys  Maxwell's  electro-optic  law  even  at 
very  low  electric  frequencies.  In  magnetic  work  the  result  of  great- 
est value  is  the  proof  that  magnetic  susceptibility  varies  inversely  as 
the  absolute  temperature.  This  shows  that  the  magnetization  of  para- 
magnetic todies  is  an  affair  of  orientation  of  molecules,  and  it  sug- 
gests that  at  the  absolute  zero  all  the  feebly  pai-amagnetic  bodies  will 
be  strongly  magnetic.  The  diamagnetism  of  bismuth  was  found  to  be 
increased  at  low  temperatures.  The  magnetic  moment  of  a  steel  mag- 
net is  temporarily  increased  by  cooling  in  liquid  air,  but  the  increase 
seems  to  have  reached  a  limit,  because  on  further  cooling  to  the 
temperature  of  liquid  hydrogen  hardly  any  further  change  was 
observed.  The  study  of  the  thermo-electric  relations  of  the  metals 
at  low  temperatures  resulted  in  a  great  extension  of  the  well-known 
Tait  Thermo-Electric  Diagram.      Tait  found  that  the  thermo-electric 
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power  of  the  metaLs  could  be  expressed  by  a  linear  function  of  the 
absolute  tempei'ature,  but  at  the  extreme  range  of  temperature  now 
under  consideration  this  law  was  found  not  to  hold  generally;  and, 
further,  it  appeared  that  many  abrupt  electric  changes  take  place, 
which  originate  probably  from  specific  molecular  changes  occurring 
in  the  metal.  The  thermo-electric  neutral  points  of  certain  metals, 
such  as  lead  and  gold,  which  are  located  at  or  below  the  boiling  point 
of  hydrogen,  have  been  found  to  be  a  convenient  means  of  defining 
specific  temperatures  in  this  exceptional  part  of  the  thermo-metric 
scale. 

The  effect  of  cold  upon  the  life  of  living  organisms  is  a  matter 
of  great  intrinsic  interest,  as  well  as  of  wide  theoretical  impor- 
tance. Experiment  indicates  that  moderately  high  temperatures 
are  much  more  fatal,  at  least  to  the  lower  forms  of  life,  than  are 
exceedingly  low  ones.  Professor  McKendrick  froze  for  an  hour 
at  a  temperature  of  182^  C.  samples  of  meat,  milk,  etc.,  in  sealed 
tubes.  When  these  were  opened  after  being  kept  at  blood  heat  for 
a  few  days  their  contents  were  found  to  be  quite  putrid.  More 
recently  some  more  elaborate  tests  were  carried  out  at  the  Jenner 
Institute  of  Preventive  Medicine  on  a  series  of  typical  bacteria. 
These  were  exposed  to  the  temperature  of  liquid  air  for  twenty 
hours,  but  their  vitality  was  not  affected,  their  functional  activities 
remained  unimpaired,  and  the  cultures  which  they  yielded  were  normal 
in  every  respect.  The  same  result  was  obtained  when  liquid  hydrogen 
was  substituted  for  air.  .  A  similar  persistence  of  life  in  seeds  has 
been  demonstrated  even  at  the  lowest  temperatures.  They  were 
frozen  for  over  a  hundred  hours  in  liquid  air,  at  the  instance  of 
Messrs.  Brown  and  Escombe,  with  no  other  result  than  to  affect  their 
protoplasm  with  a  certain  inertness,  from  which  it  recovered  with 
warmth.  Subsequently  commercial  samples  of  barley,  pea,  vegetable- 
marrow,  and  mustard  seeds  were  literally  steeped  for  six  hours  in 
liquid  hy^drogen  at  the  Royal  Institution,  yet  when  they  were  sown  by 
Sir  W.  T.  Thiselton  Dyer  at  Kew  in  the  ordinary  way  the  proportion 
in  which  germination  occurred  was  no  less  than  in  the  other  batches  of 
the  same  seeds  which  had  suffered  no  abnormal  treatment.  Bacteria 
are  minute  vegetable  cells,  the  standard  of  measurement  for  which  is  the 
' '  mikron. "  Yet  it  has  been  found  possible  to  completely  triturate  these 
microscopic  cells  when  the  operation  is  carried  out  at  the  temperature 
of  liquid  air,  the  cells  then  being  frozen  into  hard,  breakable  masses. 
The  typhoid  organism  has  been  treated  in  this  way  and  the  cell  plasma 
obtained  for  the  purpose  of  studying  its  toxic  and  immunizing  prop- 
erties. It  would  hardly  have  been  anticipated  that  liquid  air  should 
find  such  immediate  application  in  biological  research.  A  research  by 
Professor  Macfadyen,®  just  concluded,  has  shown  that  many  varieties 

^Note  by  author,  April  16,  1903.  This  important  paper  has  recently  appeared  in 
the  Proceedings  of  the  Royal  Society. 
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of  microorganisms  can  be  exposed  to  the  temperature  of  liquid  air  for 
a  period  of  six  months  without  any  appreciable  loss  of  vitality,  although 
at  such  a  temperature  the  ordinary  chemical  processes  of  the  cell 
must  cease.  At  such  a  temperature  the  cells  can  not  be  said  to  be 
cither  alive  or  dead  in  the  ordinary  acceptation  of  these  words.  It  is 
a  new  and  hitherto  unobtained  condition  of  living  matter — a  third 
htate.  A  final  instance  of  the  application  of  the  above  methods  may  be 
given.  Ceiiain  species  of  bacteria  during  the  course  of  their  vital 
processes  are  capable  of  emitting  light.  If,  however,  the  cells  l>e 
broken  up  at  the  temperature  of  liquid  air,  and  the  crushed  contents 
brought  to  the  ordinary  temperature,  the  luminositj^  function  is  found 
to  have  disappeared.  This  points  to  the  luminosity  not  being  due  to 
the  action  of  a  ferment — a  '''Lucif erase" — but  as  being  essentially 
bound  up  with  the  vital  processes  of  the  cells  and  dependent  for  its 
production  on  the  intact  organization  of  the  cell.  These  attempts  to 
study  b}'  frigorific  methods  the  physiology  of  the  cell  have  already 
yielded  valuable  and  encouraging  results,  and  it  is  to  be  hoped  that 
this  line  of  investigation  will  continue  to  be  vigorously  prosecuted  at 
the  Jenner  Institute. 

And  now,  to  conclude  an  address  which  must  have  sorely  taxed  your 
patience,  I  may  remind  you  that  I  commenced  by  i-eferring  to  the 
plaint  of  Elizabethan  science  that  cold  was  not  a  natural  available 
product.  In  the  course  of  a  long  struggle  with  nature,  man,  by  the 
application  of  intelligent  and  steady  industry,  has  acquired  a  control 
over  this  agency  which  enables  him  to  produce  it  at  will  and  with 
almost  any  degree  of  intensity  short  of  a  limit  defined  by  the  veiy 
nature  of  tbiiigs.  But  the  success  in  working  what  appears  at  first 
sight  to  be  a  quarry  of  research  that  would  soon  suffer  e:»haustion, 
has  only  brought  him  to  the  threshhold  of  new  labyrinths,  the  entan- 
glements of  which  frustrate  with  a  seemingly  invulnerable  complexity 
the  hopes  of  further  progi-ess.  In  a  legitimate  sense  all  genuine  scien- 
tific workers  feel  that  they  are  '•'the  inheritors  of  unfulfilled  renown." 
The  battlefields  of  science  are  the  centers  of  a  perpetual  warfare,  in 
which  there  is  no  hope  of  final  victory,  although  partial  conquest  is 
ever  triumphantly  encouraging  the  continuance  of  the  disciplined  and 
strenuous  attack  on  the  seemingly  impregnable  fortress  of  nature.  To 
serve  in  the  scientific  army,  to  have  shown  some  initiative,  and  to  be 
rewarded  by  the  consciousness  that  in  the  eyes  of  his  comrades  be 
bears  the  accredited  accolade  of  successful  endeavor,  is  enough  to  sat- 
isfy the  legitimate  ambition  of  every  earnest  student  of  nature.  The 
real  warranty  that  the  march  of  progress  in  the  future  will  l>e  as  glo- 
rious as  in  the  past  lies  in  the  perpetual  reenf orcement  of  the  scientifie 
ranks  by  recruits  animated  by  such  a  spirit  and  proud  to  obtain  such 
a  reward. 
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By  Prof.  John  G.  McKekdrick,  F.  R.  S.* 


The  movements  of  the  organs  of  voice  and  speech  are  so  complicated 
as  to  require  for  their  elucidation  the  application  of  many  methods  of 
research.  When  one  speaks  there  are  movements  of  the  lips,  tongue, 
soft  palate,  and  larynx,  and  sometimes  movements  of  the  muscles  of 
expression.  Then,  again,  there  are  special  characteristics  about  vowel 
sounds  which  apparently  distinguish  these  from  the  sounds  of  musical 
instruments.  Thus  questions  arise  as  to  the  true  nature  of  vowel 
sounds  and  as  to  what  is  the  physical  constitution  of  a  word  of  several 
S341ables.  It  has  also  been  suggested  that  language  might  be  recorded, 
not  by  letters  or  syllables,  but  by  signs  or  symbols  which  would  indi- 
cate what  had  to  be  done  by  the  vocal  and  articulating  organs  for  the 
production  of  any  given  sound.  There  might  thus  be  a  physiological 
method  of  expressing  speech  by  a  series  of  alphabetical  symbols  for 
sounds  varying  in  pitch,  intensity,  and  quality.  It  will  be  seen  that 
experimental  phonetics  constitutes  a  wide  field  of  research,  not  only  of 
great  scientific  interest,  but  also  one  having  practical  aspects  not  at 
first  apparent.  From  the  nature  of  the  investigation,  also,  the  prob- 
lems seem  to  be  specially  suited  for  the  application  of  the  graphic 
method  of  research. 

In  1875  an  investigation  was  carried  out  by  Havet  and  Rosapelly*^ 
in  the  laboratory  of  Professor  Marey,  in  Paris,  in  which  the  pressure 

«  Reprinted  by  permission  of  the  author  and  the  publisher  from  Nature,  London, 
No.  1678,  vol.  65,  Dec.  26,  1901. 

ft  Read  before  the  Section  of  Physiology  at  the  meeting  of  the  British  Association 
in  Glasgow,  September  13.  References:  Die  Phonetische  Literatur  von  187&-1895, 
by  Hermann  Breymann  (Leipzig,  1897);  The  Articulation  of  Speech  Sounds  by 
Analphabetic  Symbols,  by  Otto  Jespersen  (Marburg,  1889) ;  L' Inscription  des 
Ph^nomenes  Phon<5tique,  by  M.  J.  Marey  (Revue  G<5n6rale  des  Siuences,  15  et  30 
Juin,  1898);  Studies  from  the  Yale  Psychological  Laboratory,  by  E.  W.  Scripture 
(1899);  Th^orie  de  la  Formation  des  Voyelles,  by  Marage  (Paris,  prix  Barbier, 
1900);  La  Parole  d'apr^s  le  Trac6  du  Phonographe,  by  H.  Marichelle  (Paris,  1897); 
On  Vowel  Sounds,  by  J.  G.  McKendrick  and  A.  A.  Gray;  Schafer's  Text-Book  of 
Physiology,  vol.  ii,  p.  1206,  m  which  the  recent  bibliography  is  given  in  delail. 

'^Rosapelly:  Inscription  des  Movements  Phon^tiques,  in  Travaux  de  Laboratoire 
de  M.  Marey  (Paris,  1875). 
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of  the  air  in  the  nose,  the  movements  of  the  lip-s,  and  the  vibrations  of 
the  larynx  were  simultaneously  recorded.  Special  contrivances  were 
devised  for"  transmitting  these  movements  to  three  of  Marey\s  tam- 
bours, so  arran^d  as  to  record  on  the  surface  of  a  blackened  drum 
three  superposed  curves  which  indicated  the  order  of  succession,  dura- 
tion, and  intensity  of  the  movements  of  the  organs.     The  emission  of 


air  from  the  nostril  indicated  movements  of  the  soft  palate,  and  thesi* 
were  sicjnaled  l>v  an  india-ruW)er  tube  introduced  into  one  nostril, 
while  the  other  end  was  connected  with  a  tumhour,  as  in  fig.  1.  A 
small  electromagnetic  apparatas  was  placed  over  the  lar}'nx,  and  !)y 
making  and  breaking  a  current  the  vibrations  of  the  larynx  were 
transmitted  to  another  tambour.     The  movements  of  the  lips  were 
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recorded  by  a  devii^  which  caused  the  pressures  to  act  on  a  third  tam- 
bour, as  is  shown  in  the  figure. 
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Fig.  Z— Tracings  of  nawl,  lao'nfiTcal.  and  labial  movement  in  the  pronunciation  of  variouN  phones. 

This  method  was  found  to  give  chai^acteristic  tiucings  for  the  sounds 
of  consonants,  but  the  records  obtained  from  vowel  sounds  were  all 


244  KXPEBIMENTAL   PHONETICS. 

very  much  alike.     It  was  also  observed  that  if  one  of  the  tambours  did 
nota«t,  say  the  one  leeoi-ding  the  vibrations  of  the  larynx,  it  was  diffi- 
cult to  distinguish  the  tracings  of  certain  consonantal  sounds.    Thus  p 
resembled  h,  so  far  as  the 
movenieDts   of   the   lips 
and  the  na»al  pressures 
were  concerned,  but  with 
h  there  is  a  vibration  of 
the  larynx  as  well,  while 
this  is  absent  in  the  trac- 
■g  ing  of  p-     I"   ^-  2  is 
I  shown  a  table  in  which 
fc   is  depicted  the  traces  ob- 


s  tained  on  uttering  the 
I  vowel  a  either  before 


■owel  a  either  before  or 

I  after  various  consonants. 

In  these   tracings,    p   n 

^  indicates  nasal  pressure, 

I  T  ;  vibrations  of  the  lar- 

0  ynx,  and  m  I  movements 
§  of  the  mouth.    Five  ex- 
§  amples  ate  given  of  com- 
binations of  A  with  con- 

H  sonants.     If  there  is  no 

1  emission  of  air  from  the 
^  nostrils,  the  line  p  n  is 
■S  unbroken  and  horizontal, 
I  but  if  there  is  emission, 
I  then  an  elevation  is  seen 
S  as  in  A  3  with  a  m,  or 
°  wi  ffl.  A  sinuous  line  in 
I  T  2  shows  that  the  larynx 
^  vibrates,  but  if  there  is 
•1  no  laryngeal  vibration 
C  the  line  is  straight.     It 

will  be  observed  that  in 

some   cases   the    larynx 

vibrates  tbi-oughout  all 

the  experiment,  as  in  A 

2,  while  in  others  there 

is  an  interruption,  as  in 

B  1.     The  movements  of 

the  lips  in  H  ^  show  a  curve  which  varies  in  amplitude  and  duration 

according  as  the  lips  are  more  or  less  approximated  and  according  to 

the  duration  of  complete  or  partial  occlusion. 
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These  syllabic  sounds  may  be  termed  phones,  Thia  resptirch  is  tin 
excellent  example  of  the  upplicution  of  the  graphic  method  U>  the 
movements  of  speech.  The  method  ha«  Iwen  much  developed  by 
Rousselot"  in  the  College  de  France,  where  there  now  exists  h  special 
laboratory  for  research  in  phonetics. 

Professor  Marey,  whose  earlier  researches  ai'e  well  known  to  have 
had  much  to  do  with  the  development  of  the  kinematograph,  employed, 
so  long  i^o  as  1888,  chronophotography  to  catch  those  evanescent 
changes  of  the  countenance  the  sum  total  of  which  give  expression 
to  the  face'in  speech.     In  tig.  3  are  seen  the  changes  of  expression  in 


Fio.  4.— Photophone  ot  Deme 

a  woman's  face  in  speaking  during  a  period  of  half  ii  second.  If 
these  successive  pictures  are  projected  by  a  lantern  (lig,  i)  there  is 
an  animated  face  on  the  screen.  In  thi.s  way  Marichelle  succeeds  in 
placing  before  the  eyes  of  deaf  mutes  im^es  of  the  movements  of 
speech  which  they  are  ui^ed  to  imitate. 

It  is  interesting,  in  the  next  place,  to  trace  the  efforts  that  have 
been  made  by  physicists  and  physiologists  to  record  the  pressures 
produced  by  sound  waves,  and  more  especially  those  of  the  voice. 

"Ronswlot;  Principee  ile  Phon£ti<jne  t^xp^nnientale  (I'aris,  ttt97). 
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In  1858  Leon  S<'ott  invented  the  phonautograph  seen  in  fig.  n.  In 
its  first  form  this  instrument  gave  very  imperfect  tracings,  but  it 
is  of  great  interest  a.s  being  thp  forerunner  of  the  phonograph.  It 
was  much  impi-oved  by  Rudolph  KOnig,  of  Paris.     Dondera"  in  1868 


I.    A.  paraboloid  n 
C  Ig  n  drum  corered  with  ii 
•K  f mm  light  lo  Icll. 


ic  end  bjf  B.  membnn?. 


wa«  the  first  to  use  the  instrument  in  the  investigation  of  vowel 
tone.  Then  came  the  log()giaph  of  Barlow*  in  1870,  which  was  a 
membrane  furnished  with  n  rigid,  but  light,  lever,  having  its  fulcrum 
at  the  edge  of  the  membniiio,  while  the  power  wa^*  upplicd  from  the 
center  of  the  nienibi-ani\     This  jrave  more  accurate  tracingw — that  is 


to  sny,  tmciTigH  that  indicated  with  more  pivcision  the  x-ariations  of 
pi-essure  on  the  membrane.  Kxamples  an;  given  in  figs.  6,  T,  and  8. 
In  fig.  6,  at  a,  the  membrane  is  at  rest;  at  n  the  lever  is  raised  by 
the  Hudden  cmisiition  of  the  consonant  J,  and  thi.s  is  succeeded  by  the 
prolonged  vibration  of  the  vowel  ^.     Fig,  7  gives  a  different  picture 

"Itonders:  Zur  Klangtarbe  der  Vc)(«le  (Ann.  derPhysilt  und  Cbemie,  186S). 
''Barlow:  On  the  ArtictilatioD  of  the  Eliiman  Voice,  ax  Ilhutrated  by  the  i>ngu- 
grapli  (Trann.  K-.y.  Hoe.  1876). 
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for  eb;  A  ia  the  vowel  e;  b  the  closure  of  the  lips  at  the  beginniDg 
of  the  consonant;  this  closure  lusts  during  c,  and  d  is  due  to  the  elas- 
ticity of  the  air  compressed  in  the  mouth.     In  fig.  8,  heh^  we  find  the 
elements  of  figs.  6  and  7.     By  the  logo- 
graph  the  consonantal  sounds  were  alone 
depicted,  the  records  of  the  vowels  being 
very  imperfect. 

There  wiw  still  a  demand  for  a  recorder 
of  greater  accuracy,  Schneebeli "  in  1878 
devised  an  instrument  seen  in  fig.  9. 
From  the  center  of  a  parchment  mem- 
brane arises  a  thin,  but  rigid,  steel  plate; 
attached  to  this,  near  the  point,  is  another 
steel  plate  passing  horizontally  from  the 
edge  of  the  metallic  I'ing  cariying  the 
membrane.  The  movements  of  the  mem- 
bmne  are  five  times  increased  in  ampli- 
tude, while   the   extreme    lightneelS  of  the    Fio.  9.-Arrangeinent  ol  SchneebeU  lor 

lever  reduces  to  a  minimum  the  effects    "™"""8"""'«'"?'"-'*<''*"'"=*'""|«- 
due  to  inertia.    Examples  of  curves  obtained  by  this  method  are  liliown 
in  fig.  10. 
A  very  sensitive  apparatus,  termed  the  Sprachzeichner,  has  also 
--v^/»>-v*-.v»-viM'''-v*w'*H/'-v'-*-»-v~-^^        a.      ^^"   introduced   by   Hen- 
sen*  for  recordingthe  deli- 
''^-"^^•'^'''^'^'^''•^'''^^'^'"^''•^^'^^^    <»       cate  vibrations  of  a  mem- 
\j-\,r\y^>.j-\y\.r\j-\jr'-w\y\j'\  oa,    brane.     It  will  be  readily 

.       figs.  11,  13,  and  13.     Valu- 

'^'■^^^^^^•'''^^^^'^'^^•^^^y^-^^^^y^^^'^^^  I-       able  observations  have  i>een 

i.fNv^t.nt.Ai./HwHvAi./tvMi/H./tL/vk/N.Ai./Hi/iV'  at-     made  with  the  aid  of  this 

instrument  by   Weiideler" 

on    consonant   sound.s,   by 

y\AAAAAAAAAAAA/\   k.      Martens"   on   vowels    and 

_,  diphthongs,   and    by    Pip- 

Fi.i.  10— Curiea  of  various  vowels  and  o!  the  comonant  t         Such  are  SOme  of  the  me- 
rworded  by  the  apparatiu  of  SchneebclL  i_       -      i  j.    -  al    « 

'        '^^  chanical  contrivances  that 

have  been  devised  for  recording  the  movements  of  a  membrane.    None 

n  SocirU"'  des  Sci^ncea  Nftturelles  An  Neuchitel,  25  Avril  et  20  Novembre,  187H. 

''Hen.aen:  Ueber  der  Schrift  von  Bchallbent^ungen  {Zeits.  tiir  Biologie,  1887). 

•"Wendeler:  Ein  Vereuch  iiber  die  Schallbewegungen  einiger  Kontionanten  (Zeits. 
Fiir  Bioloipe,  1886}. 

i^MarteuB:  Ueber  dea  Verhalten  von  Vooalen  iind  .Diphton^n  In  Zeapr.M^lienen 
Worten  (Zeite.  fiir  Biolt^ie,  1889). 

'Pipping:  Zur  Klangfarbe  der  (iesuiigen  Vocale  (ZeiU.  fiir  Biologie.  1890);  Ueber 
die  Theorie  der  Vocale  ( Arta  SocieUtls  Scientiftnim  Heleingfors,  1894). 
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are  free  frum  rrror.  however  delicate  they  iiiay  seem  to  be,  pwin^ 
to  the  inertia  of  the  part.s  and  consequently  other  arrangements 
were  demanded.  In  liSti2"  Rudolph  KOnig  introduced  his  well-known 
method  of  showing  the  movements  of  membranes  by  manometric 
flame».    The  apparatus  is  now  so  well  known  as  to  require  no  detaihnl 


HeDwn.    >[.  Wol-lcn 

Tia.  13— The  recording  portIa 

>kwlKl>»l:eptiniU 

or  Beiuen.  /.  f.  Inunc  h«vl 

mp,  r,-  a.b.mppotii. 

point;  p.  smoked  gl»s9. 

description.     Gas  is  led  by  a  tube  into  a  small  capsule  of  wood,  the 
cavity  of  which  is  divided  by  a  thin  membrane  (fig.  H,  a).     The 
gas  passes  into  the  right  half  of  the  cavity  and  escapes  into  a  small 
burner,  whei-e  it  i.s  lit.     If  sound  waves  are  diverted  by  a  small  con- 
ical resonator  into  the  left  half  of 
the  capsule,  the  membranous  parti- 
tion vibrates,  there  are  alternations 
of  compression  and  of  rarefaction 
in  the  gas  on  the  right  side,  and  the 
flame  ir<  t^;itated,  moving  upward 
and  downward  with  each  vibration. 
The  method  of  Wheatstone  of  dis- 
sociating the  flames  by  a  rotating 
mirror  is  then  employed, anda  sinu- 
ous ribbon  is  seen  in  the  mirror, 
F.«.i3.-wrt.irKp.,rtion„(HeT«en-..pi.«tu..    The   Hbbon  is  cut  Vertically   into 

«.  B,  Tdghta  mipponiiig  an  anl*  o.  ctnyiag  • 

murker;!,  with  ■  point  r,  4,  a  disc  oommuni-    teetb,  some  larger,  souic  smaller. 
™iin(ttoihemBrk«pthcmoveiDeDif.o(ii«   The   Uirgef,    less   frequent,   oorre- 

membrKne;  p.  raaoked  K'n™  puilo.  1  l       *        ji 

spond  to  the  fundamental  tone  of 
the  sound,  the  smaller  bo  the  harmonics  that  enter  into  the  compo- 
sition of  the  compound  tone  on  which  the  quality  of  the  vowel 
depends. 

These  flame  pictures  arc  only  seen  for  an  insbtnt,  and  many  efTorts 
have  l)cen  made  to  fix  them  by  photographic  methods.     This  was  first 

"Kunif;:  Quelques  Kxiieriences  d'Aix>utiCiiitie  (Paris,  1^). 
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nttprnpted  by  derhaitit"  in  1877,  Hp  used  thii  liamc  of  cyaiioycn, 
and  the  somewhat  poor  result  in  fshown  in  fig.  1(>. 

Douiiier*  obtained  a  brilHant  flame  by  burning  earburtitted  hydrogen 
in  oxgen,  and  he  also  introduced  into  such  researehes  a  chronophoto- 
graphic  method  by  leprodm^ing  the  imagew  of  a  flame,  acted  on  liy  a 
tuning  fork  of  known  pitch.  Mar^e,*"  to  whose  researches  we  shall 
afterwards  refer,  feeds  the  cnpsule  with  aotylene,  and  tlius  obtains  a 
luminous  flame.     The  result  of  such  an  arrangement  is  shown  in  fig.  17. 

It  will  be  observed  that  all  manometric  flames  seen  in  a  rotating 
mirror  are  inclined,  as  their  composition  is  due  to  a  horizontal  and 
vertical  ti-anslatton,  and  the  faster  the  mirror  is  i-otuted  the  more  they 
are  inclined. 


Fio.  14.— KSniK'a  apparatui.   1  Manometric  oapaale;  K.  rotaUng  mirror. 

Efforts  have  also  ))een  made  to  analyze  sounds  by  photographing  a 
ray  of  light  reflected  from  a  vibrating  mirror.  Long  ago,  bnt  with- 
out photography,  Czermak  applied  this  method  to  the  phenomenon  of 
the  pulse,  and  in  1879  Blake*  devised  a  mirror  for  thu»  recording 
speech.  He  used  a  small  metallic  plate,  in  the  Mnter  of  which  was  a 
small  hook  which  is  attached  to  a  very  light  mirror  delicately  .swung 
on  two  pivots,  c.  c,  fig.  18.  A  ray  of  light  is  thrown  on  the  mirror 
by  a  convex  lens;  after  reflection  it  again  traverses  a  leas  and  falls  on 
a  photographic  plate  in  movement.  Hbaip,  well-defined  images  are 
thus  obtained  (tig.  19). 

«St«in:  Die  Licht  itii  <lienat«  wiseeoschaftlicher  Furachung  (Leipzig,  ISTT). 
''Doumer:  C.  B.  4" ''Acadfiraie  des  Sciences,  1886. 

f  Marage:  fetude  dea  Cornet  Acoustiques  par  la  Photographie  de»  Plammee  Mano- 
nietrK]ue«  de  Konig  (1897). 
''Blske:  American  Journal  of  Science  :iiid  Art,  1878;  Journal  <le  PiijBiijue,  1879. 
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The  amplitudes  of  the  ti-acingij  thus  obtained  from  the  tones  of  the 
voice  were  25  iiiillimeter:^  (1  inch),  while  those  of  the  mirror  were  only 
0.125  millimeter  (one  two -hundredth  inch).  -- 


Fro,  16.~Exaniplr«  ot  SHine  plctiir< 
tn  two  orKan  jilpH.  The  flgaies 
rcirmlliK  Ihc  r<ilnp0lin<t  time. 


FiO.  16.— VlbntUng  Sune  of  cyanogen  pbulogimphed  by  Qertunlt 

Rigollot  and  Cbavanon,"  in  1883,  constructed  a  mirror  apparatus 
shown  in  fig.  20,  and  Hermann,'  in  1889,  used  a  somewhat  .'similar 
arrangement,  the  tracings  of  which  are  given  in  fig.  21. 

njmimal  de  Phvaiqne,  I8H3.  '•Ilennann:  Pfluger'i  AkIiiv.,  1S89. 
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An  ideal  method  for  recording  vibrations  was  devised  bj'  Rops  in 
1S93,  ideal  inasniuch  as  it  does  not  use  any  vibrating  membrane  or  lever 
or  anything  having  inertia.     A  diagi'am  is  given  in  fig.  22 

It  is  based  on  the  principle  of  photo-       3 
graphing  the  effects  of  interferences  of       i, 
light    waves.     Hays    from   a   luminous       1 
source  A  pass  through  the  len.ses  g  q  no       ? 
OS  to  become  parallel.     They  then  pass      § 
through  a  slit  d  and  a  hole  in  a  dia-      ■%■ 
phragm  h,  and  they  are  focused  by  a       ^ 
lens  /  (of  15  centimeters  focal  length)  so       | 
as  to  fall  on  a  glass  plate  S^.     The  i-ay       |. 
divides  into  two,  a,  and  «,,  and  they  run       g 
parallel,  the  raj'  «,  passing  through  the       ? 
air  while  n,  passes  along  a  tube  {/  (15       a 
centimeters  in  length),  the  ends  of  which       7 
are  closed  by  the  glass  plates  h  and  h^.       S 
A  few  centimeters  from  the  tube  there    x  3 
)H.a  resonator,  «',  into  which  the  vowels    g  i- 
ai'e  sung,  thus  causing  condensations  nnd    s  | 
rarefactions  of  the  air,   disturbing  the    ~" 
ray  h  h^  while  the  ray  passing  through 
the  tube  g  is  unaffected.     The  two  rays 
are  again  united  by  S,;  they  then  pass 
through  an  objective  c  and  a  lens  2  to  a 
slit  in  a  screen  so  as  to  fall  on  sensitive 
paper  on  the  drum  T.     A  diaphragm  h 
outs    off    secondary     reflections.     Thus 
beautiful  im^es  are  formed  (^orrespond- 
ing  to  the  vowels  spoken  or  chanted  into 
the  resonator. 

The  invention  of  the  tin-foil  phono- 
graph by  Edison  in  1877  and  the  imprnve- 
ment  of  the  instrument  by  the  labors  of 
Edison,  Graham  Bell,  and  others  in  more 
recent  years  has  made  it  possible  to  in- 
vestigate phonetic  phenomena  with  the 
aid  of  this  instrument.  In  1878  Fleem- 
ing  Jenkinand  Ewing"  devised  a  method 
of  recording  curves  from  the  imprints 
on  the  tin-foil  covering  the  drum  of  the  phonograph,  and  these  curves 
were  submitted  to  harmonic  analysis.     This  wa«  also  attempted  by 

"  Fle«ming  Jenkin  and  KwJne:  On  the  Harmonic  Analyws  of  certain  Vowel  Sounds 
(Trans.  Bay.  Soc.  Edin.,  vol.  nxviil,  p.  745). 
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A.   M.   Mayer"  in   the  same  year.     The  subjiH-t  was  taken  up  by 
Ileriuuiiii  *  iilKjiit  1S90,  and  he  obtained  vaiuaUlo  tracings  by  using  the 
wax-cylinder  phonograph.    He  succeeded  in  obtain- 
ing photographs  of  the  curves  on  the  wax  cylin- 
der, a  beani  of  light  reflected  from  a  small  mirror 
attached  to  the  vibrating  disk  of  the  phonograph 
lieing  allowed  to  fall  on  a  sensitive  plate  while  tlie 
phonograph  was  slowly  traveling.     In  1891  Boeke' 
Fio.  iK.-m«i[c'ti  mfrror.    mgg„^,pg,j  ^[(h  great  ttccuracy  the  dimensions  of  the 
marks  on  the  wax  cylinder,  and  from  these  constructed  the  correspond- 
ing curves.    This  method 
has    also    been    adopted 
byMarichelle.''   McKen- 
drick '    i  n    1895    photo- 
graphed   the   marks   on 
the  wax  cylinder  of  the 
phonograph,  and  in  1896 
he  dt'vised  a  recorder  for 

enlarging   the  curves  on       Fio.  is.— PhoWgmpliiC  tracings  obtained  by  Btote-B  meth^. 

the  well-known  principle  of  the  syphon  recorder.  In  1899  Scripture,.'' 
of  Yale,  investigated  vowel  soimds 
with  the  aid  of  the  gramophone.  He 
transcribed,  by  an  ingenious  mechan- 
ical device,  the  marks  on  the  gramo- 
phone disk  into  the  forms  of  curvca 
and  made  a  minute  analysis.  Lastly, 
Marage,?  in  a  series  of  masterly 
papei's,  reinvestigated  the  whole  »ub- 
ject  of  vowel  tones  with  the  aid  of 
a  chrono-photographic  method  and  a 
special  form  of  syren  invented  by 
himself. 

The  various  experimental  methods 
we  have  described  have  been  chiefly 

directe<l  to  an  examination  of  the  nature  of  vowel  sounds.     What 

"Mayer:  Journal  do  Physique,  1878. 

^A  full  bibliographical  reference  to  Hermnnn's  papers  is  giveD  in  Schafer'e  Text- 
Book  of  Physiolog}',  vol.  ii,  p.  1222. 

fBoeke:  MicroscopiiKhe  Phonogram matudien  (Aivhiv.  f.  d.  Res.  Phyalol.,  Bonn, 
B.1.  i,  S.  297:  hIho  Proc,  Boy.  Soc.  Edin.,  1898). 

•' Marichetle:  U  Parole 'I'apr^  le  Trac^  du  Phonogniplie  (1897). 

'McKendrick:  Trana.  Boy.  8oc.  Edin.,  vol.  xxxviii,  pt.  iv;  Proc.  Roy.  Soc. 
Edin.,  180«-97;  also  l^und  Waves  as  Revealed  by  the  Phonograph  (London,  18U7). 

/Scripture:  Studies  from  the  Yale  Paychologlcal  Laboratory  (1899). 

ffMarage:  Comment  partent  lee  Pbonc^raphes;  L«s  Exercises  AcousIiqueH  chcc 
Lee  Sourds  Miietf;  RTile  ile  la  chatne  dee  oeHclets  donx  1' Audition;  and  Th^rie  <)e  la 
Formation  des  Voyplles  (fnHii  1B97  onwani). 


rornirrltil  by  a  wire  n  r,  utrcuhwlbi-twcm 
KupporlK  A  and  A.  and  rpguLated  hy  I 
wrew  II;  p.  (ihhU  Piibc  of  lii41Si  rubber 
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is  It  that  gives  the  peculiar  quality  to  the  sound  of  a  vowel?  How  is 
it  that  we  can,  by  the  ear,  identify  the  sound  of  any  vowel,  whether  it 
be  spoken  or  sung?  How  is  it  that  if  we  sing  a  yowel  on  the  notes  of 
a  scale  we  can  still  identify  the  vowel  whatever  may  be  the  pitch  of  the 
note  on  which  it  is  sung?  The  scientific 
investigation  of  the  nature  of  vowels  be- 
gins with  Willis,'*  who,  in  1829,  imitated 
the  larynx  by  means  of  a  reed,  above 
which  he  placed  a  resonator,  tuned  to  one 
of  the  harmonics  of  the  reed.  He  also 
imitated  vowel  tones  by  holding  an  elastic 
spring  against  the  edge  of  a  toothed  wheel, 
and  he  placed  the  vowels  in  the  following 
order — ou^  o^  a,  e^  and  i.  In  each  case  a 
compound  tone  was  produced  which  re- 
tained the  same  pitch  so  long  as  the  wheel 
revolved  at  the  same  rate.  By  .keeping 
the  wheel  revolving  at  a  uniform  rate,  and 
at  the  same  time  changing  the  length  of 
the  spring  which  was  allowed  to  vibrate, 
Willis  found  that  the  qualities  of  various  vowels  were  imitated  with 
considerable  distinctness.     In  1837   Wheatstone,*  in  a  criticism  of 

Willis,  made  some  important  sug- 
gestions. In  1854  Grassmann  ^  an- 
nounced a  theory  as  follows:  The 
vocal  chords  excite  the  resonances 
of  the  cavity  of  the  mouth;  the 
tonality  changes  with  the  degree  of 
opening  of  the  mouth  by  the  devel- 
opment of  some  of  the  harmonics 
of  the  fundamental  tone  emitted  by 
Fig.  22.— Rops's  apparatus  for  the  anaiyHis  of    the  larynx.    According  to  this  view 

vowel-tone8.  ^j^^  y^^^^^^  ^^^j^^  ^^^  ^^   j^   ^^^^ 

nance  certain  harmonics  to  the  fundamental  laryngeal  sound.  Grass- 
mann classified  the  vowels  according  to  the  number  of  harmonics 
which  they  contained  in  the  following  table: 


Pio.  21.— Tracings  obtained  by  Her- 
mann of  vowel  o. 


Oil 


eu- 


-U 


a  Willis:  Cambridge,  Phil.  Trans.,  1829,  vol.  iii,  p.  231;  also  Ann.  d.  Phys.  u. 
chem.,  I^ipzig,  Bd.  xxiv,  p.  397. 

'^Wheatetone,  Westminster  Review,  October,  1837. 

<^GFaasmann:  XJber  die  physik.  Natur  des  Sprat^hleute,  1877;  he  had,  however,  in 
1854,  enunciated  his  theory  in  Uebersicht  der  Akustik  u.  der  niedem  Optik. 
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In  soundinfT  a  the  mouth  iis  widely  opened  and  the  fundamental  and 
eight  harmonics  are  produced;  in  the  third  series,  on  the  contrary, 
there  is  only  one  harmonic  sounded,  which  is  more  and  more  acute  as 
we  pronounce  the  vowels  in  the  order  ou^  u,  and  i.  The  vowels  of  the 
second  series,  ^,  eu^  and  ^,  are  transitional  between  the  first  and  the 
third.  Thus  we  pass  from  a  to  ou  by  0,  from  atozi  bj-  eu,  and  from 
a  to  i  by  <?. 

Bonders^  showed  that  the  cavity  of  the  mouth,  as  arranged  for  the 
giving  forth  of  a  vowel,  was  tuned  as  a  resonator  for  a  tone  of  a  cer- 
tain pitch,  and  that  different  pitches  corresponded  to  the  forms  of  the 
cavity  for  the  different  vowels.  This  he  discovered  by  the  peculiar 
noise  produced  in  the  mouth  when  the  different  vowels  are  whispered. 
The  cavity  of  the  mouth  is  then  blown  like  an  organ  pipe  and  b}'  its 
resonance  reinforces  the  corresponding  partials  in  the  rushing  wind- 
like  noise.  Then  the  question  was  taken  up  by  Helmholtz.  *  He 
attacked  it  both  by  analysis  and  by  synthesis.  He  analyzed  the  vowel 
tones  by  his  well-known  resonators,  aided  by  his  own  singularly  acute 
ear,  and  he  attempted  to  combine,  by  means  of  tuning  forks,  the  tones 
which  he  thought  existed  in  a  vowel,  so  as  to  reproduce  the  sound  of 
the  vowel.  In  the  latter  part  of  the  investigation  he  was  by  no  means 
successful.  These  investigations  led  Helmholtz  to  put  forward  in 
succession  two  theories  as  to  the  formation  of  vowels.  The  fii'st  was 
that,  as  in  all  musical  instruments,  the  quality  or  timbre  of  the  vowel 
depends  on  the  fundamental  tone,  reinforced  by  certain  {mi*tials  or 
overtones,  of  which  a  number  are  produced  by  the  vocal  cords  along 
with  the  fundamental  tone,  the  reinforcement  depending  on  the  reso- 
nance of  the  cavities  above  the  vocal  cords.  This  theory  was  upset  b^" 
the  use  of  the  phonograph.  If  a  vowel  is  sung  to  the  phonogmph 
while  the  cylinder  is  traveling  at  a  certain  speed,  the  vowel  tone  will 
be  reproduced  with  exactly  the  same  quality  if  the  cylinder  is  driven 
at  the  same  speed;  but  if  it  is  driven  faster,  then  the  quality  of  the 
vowel  will  be  changed,  so  much  so  as  to  be  scarcely  recognizable. 
M.  Marey  narrates  that  Donders  and  he  first  made  this  observation 
when  it  so  happened  that  the  two  savants  were  present  in  Paris  at  a 
public  demonstration  of  the  phonograph  soon  after  its  invention. 
Donders  sang  the  vowel  tones  to  the  instrument,  and  then  asked  the 
operator  to  vary  the  speed  of  the  cylinder  during  reproduction.  Then 
the  vowel  a  became  o^  and  e  became  on.  Thus  while  the  phonograph 
reproduces  in  a  wonderful  way  the  tones  of  musical  instruments  with- 
out change  of  quality,  it  can  not  transpose  vowel  tones  without  alter- 
ing their  character.     This  special  character  or  quality  can  not,  then, 

«  Donders:  De  physiologie  der  Spraakklanken  (1870). 

ftHelmlioltz:  Uel)er  de  Vokale.  Archiv.  f.  d.  Holland.  Beitr.  2,  Nat.  u.  ITeilk. 
(Utrecht,  1857).  See  other  references  given  in  Schafer^s  Text-Book,  vol.  ii,  p.  1217 
(footnote). 
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depend  on  the  overtones  reinforced  by  the  oral  cavities  being  simple 
multiples  of  the  fundamental  tone,  and  Helmholtz's  first  theory  had 
to  be  abandoned. 

This  led  Helmholtz  to  advance  a  second  theory,  as  follows:  Each 
vowel  is  chai-acterized  by  a  certain  harmonic  or  partial  tone,  of  con- 
stant pitch,  whatever  may  be  the  pitch  of  the  note  on  which  the  vowel 
is  sung  or  spoken.  Attempts  were  then  made,  notably  by  Hemholtz 
and  KOnig,  to  fix  the  pitch  of  the  characteristic  partial  tone  or  vocable, 
and  there  appeared  to  be  considerable  differences  in  the  results  of  the 
two  distinguished  observers,  differences  amounting  to  as  much,  in 
some  cases,  as  three  semitones. 

The  next  step  was,  as  has  already  been  explained,  to  transcribe  the 
marks  on  the  wax  cylinder  of  the  phonograph,  made  on  singing  or 
speaking  a  vowel,  into  sinuous  curves  and  to  subject  these  to  harmonic 
analysis.  It  is  not  difficult,  in  comparatively  simple  cases,  to  obtain 
a  curve  which  is  the  algebraic  sum  of  the  ordinates  of  several  sinus- 
soidal  curves,  but  it  is  not  so  easy  to  do  the  reverse  operation,  namely, 
to  analyze  the  curves.  Fleeming  Jenkin,  and  Ewing,  afterwards 
Schneebeli,  Hensen,  Pipping,  and  Hermann,  have  done  this  in  accord- 
ance with  the  theorem  of  Fourier  and  the  law  of  Ohm.  In  particular, 
Hermann,  by  a  beautiful  and  ingenious  method,  has  analyzed  the 
curves  obtained  by  his  photographic  device,  and  has  modified  the 
theory  of  Helmholtz.  His  statement  is  that  the  oral  cavity  produces 
independently  a  harmonic  or  partial  tone  which  has  no  definite  relation 
to  the  fundamental  tone  emitted  by  the  larynx.  A  vowel,  according 
to  him,  is  a  special  acoustic  phenomenon,  depending  on  the  intermittent 
production  of  a  special  partial,  or  "formant,"  or  "characteristique." 
The  pitch  of  the  "forraant"  may  vary  a  little  without  altering  the 
character  of  the  vowel.  For  a,  for  example,  the  "formant"  may  vary 
frorayJi^  to  ^4,  even  in  the  same  person.  He  has  also  attempted,  but 
not  with  complete  success,  to  reproduce  the  vowel  tones  by  synthesis. 

There  are  thus  three  theories:  (1)  The  first  of  Helmholtz,  now  aban- 
doned, that  the  pitch  of  the  partials  is  represented  by  simple  multiples 
of  the  vibration  periods  of  the  fundamental;  (2)  the  second  of  Helm- 
holtz, that  the  pitch  of  the  characteristic  partial  is  always  fixed,  but 
has  a  definite  relation  to  the  pitch  of  the  fundamental;  and  (3)  that  of 
Hermann,  that  the  pitch  of  the  characteristic  partial  or  "formant"  is 
not  absolutely  fixed. 

The  difficulty  of  harmonizing  these  theories  has  stimulated  the  zeal 
of  many  workers,  and  in  particular  Dr.  Marage*  has  been  remarkably 
successful  in  his  researches  into  the  nature  of  vowels.  He  first  of  all 
criticizes  the  second  theory  of  Helmholtz,  pointing  out  that  the  failure 
to  reproduce  the  vowels  b}^  synthesis  is  strongly  against  it.     Thus  while, 

fl  Marage:  Th^rie  de  la  Formation  des  Voyelles,  op.  dt. 
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by  tuning  forks,  the  pitch  of  which  m  that  of  the  partiaLs  of  the  funda- 
mental tone,  ouy  Oj  and  a  may  be  badly  reproduced,  it  has  been  found 
impossible  to  reproduce  e  and  i.  He  then  objects  to  the  theory  of 
Hermann,  namely,  that  the  vowel  is  an  oral  intermittent  and  oscillating 
tone;  first,  that  the  method  of  recording  the  vowel  on  the  wax  cylinder 
of  the  phon<^raph  causes  grave  errors,  because  the  mouthpiece,  tube, 
air  chamber,  and  vibrating  disk,  all  profoundly  modify  the  vowel; 
second,  that  the  method  of  analysis  by  Fouriers  theorem  asstunes 
that  the  vowel  curves  are  constituted  by  superposed  simple  curves, 
which  is  precisely  the  question  at  issue,  and  therefore  the  argument  is 
a  petitio  principii;  and  third,  that  the  data  obtained  by  his  method 
have  not  enabled  Hermann  to  reconstruct  the  vowels  with  greater 
success  than  Helmholtz.  Marage  then  enters  upon  his  own  method, 
which  consists  essentially  of  using  a  special  apparatus  constructed  on 
KOnig^s  principle  of  manometric  flames,  but  so  simple  as  to  be  practi- 
cally free  from  sources  of  error;  that  is  to  say,  there  Is  no  mouthpiece, 
tube,  or  lever.  The  pictures  of  the  flames  were  produced  photo- 
graphically by  feeding  the  flame  with  acetylene  gas,  and  chronophoto- 
metrical  rein>rds  were  taken  with  each  experiment.  He  then  finds  that 
the  flame  pictures  of  i,  u,  and  ov  show  one  flame,  £,  eu,  and  o  two  flames, 
and  A  three  flames.  So  that  the  classification  of  the  vowels  bv  flames  is 
exactl  V  that  of  Grassmann.  Each  vowel,  when  all  errors  have  thus  been 
got  rid  of  by  simplifying  the  apparatus,  always  gives  the  same  picture 
for  any  given  note.  The  picture  is  that  of  a  continuous  periodic  curve, 
and  the  number  of  periods  in  a  second  corresponds  to  the  laryngeal 
note,  while  the  form  of  the  period  characterizes  the  vowel.  With  the 
same  vowel  the  period  changes  with  the  note.  When  the  note  is  near 
the  pitch  of  ordinary  speech  the  period  varies  very  little.  This  is 
not  so  when  the  vowel  is  sung;  the  period  then  disappears  until  there 
is  only  the  laryngeal  note.  Marage  has  also  by  synthesis  reproduced 
the  vowels  with  remarkable  success.  His  first  experiments  with 
resonators  were  not  quite  satisfactory;  he  could  reproduce  ou,  o,  and 
A,  but  not  E  and  i.  He  ascertained,  however,  that  to  reproduce  a  the 
resonator  must  be  tuned  to  the  third  harmonic  or  partial  of  the  note 
on  which  a  was  sung;  that  to  reproduce  e,  eu,  and  o  the  best  result 
was  obtained  when  the  resonator  gave  the  second  partial:  and  i,  u, 
and  ou  were  imitated  (but  not  successfully)  when  the  resonator  was  in 
unison  with  the  laryngeal  tone. 

Marage  finally  devised  a  syren  rotated  by  an  electric  motor  and 
consisting  of  a  disk  having  in  it  a  triangular  window  representing  the 
glottis.  The  air  is  driven  under  pressure  through  this  aperture  and 
then  falls  on  another  disk  having  windows  cut  out  of  it  in  groups 
according  to  the  nature  of  the  vowel  to  l)e  synthetically  reprodut*ed. 
Thus  the  disk  for  a  has  four  groups,  each  group  consisting  of  three 
triangular  slit-like  windows;  for  o  and  e  the  disk  shows  five  groups. 
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each  consisting  of  two  slits;  and  for  i  and  ou  there  are  many  slits, 
without  these  being  arranged  in  groups.  The  slits  are  very  large  for 
o  and  narrow  for  e,  and  large  for  ou  and  narrow  for  i.  He  then 
molded  a  series  of  casts  of  the  interior  of  the  oral  and  pharyngeal 
cavities  of  a  human  subject,  as  these  were  adapted  for  the  singing  of 
the  different  vowels,  and  from  them  constructed  masks  or  headpieces 
which  could  be  placed  over  the  syren  so  that  the  air  escaping  from  it 
passed  through  the  cavities  of  the  mask.  He  found  that  if  air  was 
driven  through  the  masks  under  a  pressure  of  only  7  centimeters  of 
water  the  timbre  of  the  corresponding  vowel  was  at  once  perceived, 
as  in  whispering.  Marage's  view  is  that  to  form  a  vowel  the  true 
vocal  cords  vibrate  in  a  horizontal  plane,  in  such  a  way  as  to  influence 
by  their  greater  or  less  degree  of  approxin:ation  the  escape  of  air. 

If  the  air  escapes  in  three  little  puffs  as  it  were  (the  cords  vibrating 
during  each  puff  a  number  of  times  equal  to  the  pitch  of  the  note  on 
which  the  vowel  is  spoken  or  sung),  so  that  there  are  intervals  between 
the  groups  of  puffs,  then  the  vowel  a  is  the  result.  The  oral  resonater 
is  in  unison  with  the  sum  of  the  vibrations  and  the  vowel  is  emitted. 
If  the  resonater  (either  artificial  or  the  oi*al  cavity,  as  in  life)  is  turned 
to  the  third  harmonic  of  this  note,  then  the  vowel  a  is  modified;  the 
same  applies  to  e  and  o,  which  have  the  second  harmonic,  and  in 
passing  from  the  one  vowel  to  the  other  it  is  sufficient  to  change  the 
aperature  of  the  glottic  opening.  Thus  for  a,  if  the  fundamental  note 
is  n,  the  oral  resonator  must  be  tuned  to  Sn;  for  e  and  o,  if  the  funda- 
mental is  w',  the  oi"al  resonator  gives  2n';  and  for  i  and  ou  the  resonater 
is  in  unison.  If  this  is  not  so,  then  the  quality  of  the  vowel  is  much 
altered.  Thus  if  the  syren  gives  a,  and  the  plate  used  is  that  for  ou, 
then  the  sound  is  a  modified.  This  agrees  with  the  experience  of 
teachers  of  singing,  who  hold  that  a  badly  sung  vow^el  is  a  vowel 
sound  emitted  into  a  cavity  adjusted  for  another  vowel.  Marage  has 
also  found  that  when  the  sounds  of  his  syren,  aided  by  the  masks,  are 
examined  by  the  manometric  method,  the  flame  pictures  appear  as 
they  may  be  expected  to  do — that  is,  groups  of  three  flames  for  a,  of 
two  for  E,  EU,  and  o,  and  of  one  for  i,  u,  and  ou.  Vowels  then, 
according  to  him,  are  due  to  an  intermittent  a6ro-laryngeal  vibration, 
strengthened  by  the  oral  cavity  and  producing  ou,  o,  a,  e,  and  i, 
when  it  is  in  unison  with  the  sum  of  the  vibrations;  transfonned  by 
it,  and  giving  origin  to  other  vowels,  when  there  is  no  unison;  and 
the  number  of  inteimittences  gives  the  fundamental  note  on  which  the 
vowel  is  emitted.  If  the  oral  cavity  acts  alone,  the  vowel  is  whispered; 
if  the  larynx  acts  alone,  the  vowel  is  sung;  and  if  the  two  act,  the  vowel 
is  spoken.  Mamge  has  applied  his  method  with  much  success  in  test- 
ing the  ear  and  in  the  treatment  of  mutes  who  are  not  absolutely  deaf. 
His  memoir  is  chai*acterized  by  great  simplicit}'^  and  at  the  same  time 
by  thoroughness. 
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But  the  study  of  vowels  is  not  the  only  result  of  recent  research  in 
phonetics.  The  analysis  of  consonantal  sounds  is  now  being  carried  out 
by  various  workers,  such  as  Pipping,  Scripture,  and  Lloyd.  Meyer, 
in  Hermann's  laboratory,  has  investigated  the  pitch  of  words,  sen- 
tences, and  syllables  in  speech.  This  has  also  been  studied  by  phono- 
graphic tracings  by  Marichelle.  The  whole  subject  has  also  a  practical 
bearing,  as  the  knowledge  acquired  enables  the  teacher  of  deaf  mutes 
so  to  instruct  his  pupils  in  the  use  of  their  organs  as  to  avoid  the 
dreary  monotone  of  those  who  learn  to  speak  by  watching  only  the 
movements  of  the  lips. 

It  only  remains  to  notice  the  remarkable  monograph  of  Jespersen. 
This  is  an  attempt  to  aid  the  study  of  phonetics  by  the  use  of  a  scien- 
tific nomenclature  to  express  sounds,  so  that  just  as  the  chemist 
represents  bj^  letters  and  figures  the  nature  of  a  chemical  substance 
of  complex  constitution  so  the  student  of  phonetics  may  be  able  to 
express  the  sounds  of  words  by  symbols.  The  visible-speech  system 
of  Melvnlle-Bell  consisted  of  symbols  which  expressed  more  or  less 
accurately  the  physiological  movements  to  be  made,  or  the  posi- 
tion to  be  assumed  during  the  pronunciation  of  a  given  sound;  but 
the  symbols  of  Jespersen  are  letters  and  figures.  The  letters  or 
figures,  however,  to  be  useful  must  have  a  physiological  meaning*. 
Strictly  speaking,  the  symbols  denote,  not  sounds,  but  the  elements  of 
sounds.  Thus  so  simple  a  sound  as  in  is  physiologically  the  result  of 
{a)  lips  shut;  (J)  point  of  tongue  resting  in  the  bottom  of  the  mouth; 
(c)  surface  of  tongue  not  raised  toward  the  palate;  (d)  nasal  passage 
open;  (e)  vocal  cords  vibrate,  and  (/")  air  expelled  from  lungs.  The 
attempt  of  Jespei'sen  may  be  called  an  alphabetic  system  of  writing, 
symbolizing,  not  sounds,  but  the  elements  of  sounds.  At  present  it 
is  severely  technical,  but  it  seems  to  "provide  a  means  of  writing 
down  and  describing  phonetic  minutiae  in  a  compamtively  easy  and 
unambiguous  manner."  It  will  do  for  the  phonetician  what  symbol- 
ism does  for  the  mineralogist.  It  is  a  kind  of  algebra  for  speech 
sounds. 

In  advocating  the  establishment  of  a  photographic  museum,  to  be  a 
visual  register  of  the  past,  Janssen  recently  wrote  as  follows:  "Pho- 
tography registers  the  chain  of  phenomena  during  time,  just  as 
writing  registers  the  thoughts  of  men  during  the  ages.  Photography 
is  to  sight  what  writing  is  to  thought.  If  there  is  any  diffei'ence,  it 
is  to  the  advantage  of  photography.  Writing  is  subject  to  conven- 
tionalities from  which  photography  is  free;  writing  employs  a  partic- 
ular language,  while  photography  speaks  the  universal  language." 

But  if  there  is  to  be  a  museum  of  photographs,  appealing  to  the 
sense  of  sight,  wh}'  should  we  not  have  a  museum  of  sounds,  in  the 
shape  of  phonograph  records,  appealing  to  the  sense  of  hearing  i 
How  little  can  we  tell  from  written  characters  the  exact  sounds  of 
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ancient  Sanskrit,  or  how  Demosthenes  spoke  in  Greek  or  Cicero  in 
Latin  ?  Would  it  not  now  be  interestin:/  to  hear  the  exact  accent  of 
old  English,  or  the  Scotch  of  the  fifteenth  century?  All  dialects 
should  be  carefully  registered  and  put  aside  for  future  consultation, 
and  thus  we  would  do  for  the  ear  what  we  do  for  the  eye.  No  doubt 
8uch  a  collection  of  phonographic  records  would  help  onward  the 
science  of  language. 


WIRELESS   TELEGRAPHY— ITS    PAST   AND    PRESENT 

STATUS  AND  ITS  PROSPECTS. « 


By  William  Maver,  Jr.* 


Long  before  the  dawn  of  the  Christian  era  wireless  methods  of  com- 
municating intelligence  to  a  distance  were  employed — not  electric  tele- 
graphs as  the  term  is  generally  understood,  it  is  true,  but  wireless  they 
certainly  were,  and  perhaps  as  this  article  proceeds  it  will  not  be  diffi- 
cult to  perceive  a  close  relationship,  as  regards  the  nature  of  the  com- 
municating medium  employed,  between  some  of  the  wireless  telegraph 
systems  in  vogue  thousands  of  years  ago,  especially  those  that 
employed  the  lummif erous  ether  as  the  communicating  medium,  and 
the  wireless  telegraph  s}'^stems  of  to-day,  in  which  case  it  would  simply 
be  another  verification  of  the  old  proverb,  "There  is  nothing  new 
under  the  sun." 

Polybius,  the  Greek  historian,  describes  a  telegraph  system 
employed  for  military  purposes,  300  B.  C,  in  which  torches  were 
placed  on  high  walls  in  prearranged  positions  to  correspond  to  letters 
of  the  Greek  alphabet,  and  by  a  suitable  manipulation  of  the  torches 
messages  were  thus  transmitted  to  a  distance.  The  Gauls,  too,  were 
wont  to  transmit  important  intelligence  to  a  distance  by  a  cruder  but 
simpler  method.  A  messenger  was  sent  to  the  top  of  a  hill,  where  he 
shouted  his  message,  apparently  to  the  winds.  Soon  from  afar  a 
voice  answered  him,  and  this  voice  repeated  the  message  to  another 
listener  farther  on,  and  thus,  from  one  to  another,  the  message  sped, 
and  it  is  recorded  that  in  three  days  a  message  calling  all  the  tribes  of 
the  Guuls  to  arms  traveled  in  this  way  from  Auvergne  to  the  forests 
of  Amorica  in  one  direction  and  to  the  banks  of  the  Rhine  in  another. 

Later  on  came  another  wireless  telegraph  system — the  semaphore 
telegraph — which  was  in  operation  all  over  Europe  prior  to  and  for 
some  time  after  the  introduction  of  the  electric  telegraph.  This  sem- 
aphore telegraph  employed  arms  on  posts  akin  to  those  seen  to-day 
along  every  railway  in  the  world,  and  a  certain  position  of  the  arms, 
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like  the  torches  in  the  Polybius  system,  corresponded  to  certain  let- 
ters of  the  alphabet,  and  by  varying  the  position  of  the  arms  as 
required  experts  were  able  to  tmnsmit  messages  from  one  station  to 
the  other  at  the  rate  of  two  or  three  words  per  minute.  The  towers 
on  the  top  of  which  the  semaphores  were  erected  were  often  50  to  60 
feet  high,  and  were  placed  on  eminences  about  6  or  8  miles  apart.  In 
Russia  alone  there  was  a  string  of  these  towers  from  the  Prussian 
frontier  to  St.  Petersburg,  a  distance  of  1,200  miles  or  more.  Then, 
after  the  electric  wire  telegraph,  came  the  electric  wireless  telegraph, 
and  perhaps  even  a  cursory  review  of  this  subject  will  show  that  it  is 
not  of  as  recent  origin  as  it  is  popularly  thought  to  be.  For  instance, 
it  is  known  that  over  one  hundred  and  fifty  years  ago  electric  signals 
were  sent  without  wires  across  lakes  and  rivers.  Dr.  Watson,  bishop 
of  Landorff,  then  sent  electric  shocks  across  the  Thames,  and,  subse- 
quently, through  the  New  River  at  Newington.  Similar  experiments 
were  made  by  Franklin  in  1748  across  the  Schuylkill  at  Philadelphia, 
and  by  Du  Luc,  a  year  later,  across  the  lake  of  Geneva.  In  these 
instances,  however,  the  water  or  earth  was  the  conductor  of  the  elec- 
tric impulses. 

It  is  fairly  well  known  also  that  during  the  past  fifteen  or  eighteen 
years  there  have  been  in  limited  use  a  number  of  wireless  telegraph 
systems  which  have  sometimes  been  termed  induction  telegraph  sys- 
tems, and  in  which  electromagnetic  impulses,  or  waves,  are  employed. 
Such  systems  are  based  upon  the  phenomena  of  mutual  induction 
between  wires,  discovered  by  Faraday  and  Henry.  Henry's  experi- 
ments, made  half  a  century  ago,  were  chiefly  with  flat  coils  of  wire, 
one  opposite  the  other.  When  the  circuit  of  one  of  such  coils,  con- 
taining a  battery,  was  opened  and  closed,  it  was  found  that  an  electric 
current  was  set  up  in  the  other  coil.  This  action  also  takes  place 
between  two  straight,  parallel  wires,  and  when  these  parallel  wires  are 
sufficiently  long,  and  the  electromotive  force  in  the  transmittmg  wire 
is  powerful  enough,  signals  may  be  received  in  a  telephone  or  other 
sensitive  receiver,  even  when  the  wires  are  separated  a  distance  of 
several  miles. 

In  1892  Sir  William  H.  Preece  succeeded  in  transmitting  Morse 
signals  by  this  method  to  a  distance  of  more  than  3  miles,  between 
Penarth,  on  the  mainland,  and  the  island  of  Flat  Holm,  in  the  British 
Channel,  using  a  telephone  as  the  receiver.  More  recently  the  same 
experimenter  has  met  with  success  in  establishing  a  wireless  telephone 
circuit  by  means  of  which  speech  is  transmitted  between  the  Skerries 
light-ship  and  the  mainland  of  Anglesey — a  distance  of  nearly  3  miles — 
the  parallel  wire  on  the  Skerries  Islands  being  750  yards  in  length  and 
that  on  the  mainland  3.5  miles  in  length,  the  ends  of  each  wire  terminat- 
ing in  the  sea.  On  these  systems  both  magnetic  induction  and  electric 
conduction  through  the  earth  and  water  are  utilized. 
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Remarkable  as  these  results  are,  however,  they  have  been  almost 
totally  overshadowed  b}'^  those  wireless  telegraph  s^^stems  in  which 
electric  waves,  or  ether  waves,  are  utilized,  and  of  which  the  Marconi 
wireless  telegraph  s^'^stem  is  the  best  known.  It  is  of  this  latter  sys- 
tem, as  representing,  so  far  as  the  writer  is  aware,  the  most  advanced 
development  of  this  art,  that  the  present  article  will  briefly  treat.  It 
would  obviously  be  far  beyond  the  scope  of  a  necessarily  limited 
account  to  deal  with  all  the  wireless  telegraph  inventions  that  have 
been  announced  within  the  past  few  years. 

When,  in  1864:,  Clerk-Maxwell,  who  was,  perhaps,  the  most  noted 
mathematician  of  his  day,  made  announcement  of  his  celebrated  elec- 
tromagnetic theory  of  light,  which  theory  involved  the  existence  of 
electric  waves  in  free  space,  many  of  the  prominent  ph3^sicists  of  the 
time  set  themselves  the  task  of  demonstrating  by  experiment  the  truth 
of  this  theory.  It  was  not,  however,  until  1887  that  the  actual  exist- 
ence of  electric  waves  in  free  space  was  demonstrated,  the  great 
honor  of  this  accomplishment  falling  to  Prof .  H.  Hertz,  after  whom 
such  electric  waves  are  now  almost  generally  termed  "Hertzian" 
waves.  The  old  popular  idea  of  electricity  hardl}'^  conceived  it  as 
existing  outside  of  a  wire  or  other  metallic  conductor.  The  air  was 
an  insulator,  and  how,  therefore,  could  electricity  exist  apart  from  a 
wire!  Maxwell  overturned  this  view,  and  told  us  that  just  as  under 
the  undulatory  tbeoiy  of  light  that  which  we  call  light  is  a  result  of 
ether  vibration,  so  also  is  electricity  a  result  of  ether  vibration,  and 
that  in  so  far  as  light  and  electricity  differ  it  is  only  a  question  of 
the  rate  of  vibration  of  the  ether,  those  undulations  of  the  ether 
which  the  eye  recognizes  as  light  occurring  at  a  i*ate  varying  from 
400,000,000,000,000  to  700,000,000,000,000  per  second,  while  the  fre- 
quency of  the  electric  undulations  of  the  ether  vary  from  a  few  hun- 
dreds or  thousands  to  200,000,000,000,000  per  second. 
'  According  to  the  undulatory  theory  of  light,  the  undulations  of  the 
ether,  of  the  frequency  just  mentioned,  are  set  up  by  any  source  of 
light.  Similarly,  according  to  Maxwell's  theory,  undulations  are  set 
up  in  the  ether  by  any  source  of  electric  oscillations — analogously,  for 
example,  as  waves  are  set  up  in  the  atmosphere  by  a  source  of  sound. 
Also,  as  those  ether  waves  which  correspond  in  frequency  to  light 
affect  an  organ  of  sight  when  they  fall  upon  it,  and  as  sound  waves 
affect  an  organ  of  hearing  when  they  fall  upon  it,  so,  it  was  reasoned, 
should  the  electric  waves  of  the  ether  affect  a  suitable  electric  "eye," 
or  receiver,  when  they  fall  upon  it. 

The  manner  in  which  Professor  Hertz  proceeded  to  show  the  exist- 
ence of  electric  waves  in  free  space  was,  briefly,  as  follows:  It  was 
already  known  that  electric  oscillations  could  be  set  up  in  a  well- 
insulated  wire  or  conductor;  in  fact,  that  the  discharge  of  the  Leyden 
jar  is  made  up  of  a  series  of  electric  oscillations,  as  had  been  shown 
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by  Lord  Kelvin  in  1853.  Hertz  set  up  electric  oscillations  by  means 
of  an  electric  oscillator,  shown  in  fig.  1.  This  consists  of  an  ordinary 
large  induction  coil,  A,  the  terminals  of  the  secondary  coil  being  con- 
nected- to  brass  balls,  or  knobs,  and  to  which  short  metal  rods,  or 
wings,  w^  are  attached.  The  knobs  are  separated  by  a  small  air  space, 
across  which  sparks  jump  when  the  coil  is  in  operation.  At  such 
times  electric  oscillations  are  set  up,  the  rate  of  which  varies  with  the 
electrical  dimensions  of  the  circuit. 

Hertz  assumed  that  if  the  electric  oscillations  thus  produced  set  up 
corresponding  waves  in  the  ether  of  free  space,  these  waves  should, 
in  turn,  set  up  electric  oscillations  of  corresponding  frequency  in 
a  suitable  receiver,  or  "eye,"  within  the  i-ange  of  their  influence. 

He  therefore  adopted  as  a  detector 
of  these  waves  a  copper  wire,  D 
(fig.  1),  of  nearly  circular  shape, 
about  16  inches  in  diameter,  but 
broken  at  one  point.  On  the  ends 
of  this  wire  he  plaoed  small  metal 
knobs,  the  distance  between  which 
could  be  easily  regulated.  This  wire 
was  held  by  an  insulated  handle,  a 
few  feet  from  the  oscillator.  With 
the  room  darkened,  minute  sparks 
were  observed  passing  between  the 
discharge  knobs  of  the  receiver;  and 
the  results  of  this  simple  experi- 
ment have  l)een  generally  accepted 
as  proof  of  the  existence  of  electric 
waves  in  free  space. 

u-jps^j>.^^^ J         Hertz,  however,  was  not  satisfied 

in   |l  with  this  demonstration  of  the  ax^cu- 

racy  of  Maxwell's  theory,  but  also, 
in  the  course  of  his  subsequent  mas- 
terly experiments,  showed  that,  like  sound,  heat,  and  light  waves, 
the  Hertzian  waves  could  also  be  reflected,  refracted,  concentrated  in 
parallel  rays,  and  to  a  focus,  etc. 

By  the  Hertz  receiver  the  distance  at  which  electric  waves  could 
be  detected  was  very  limited,  perhaps  10  or  12  feet  at  most,  and 
hence  it  is  not  likely  that  much  would  have  been  done  in  the  utiliza* 
tion  of  Hertzian  waves  for  telegraphic  purposes  had  progress  rested 
there.  Fortunately,  it  did  not.  Shortly  after  the  experiments  of 
Hertz,  Dr.  Branly  discovered  that  loose  metal  filings,  which  in  a 
normal  state  have  a  very  high  electrical  resistance,  lose  this.  I'^istance 
in  the  presence  of  electric  oscillations  and  become  pitictically  conduc* 
tors  of  electricity.     This  he  showed  b}'  placing  metal  filings  in  a  glass 


Fig.  I.— An  oscillator  and  a  Hertz  detector. 
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tube  and  making  them  part  of  an  ordinary  electric  circuit  (see  fig.  2). 
When  electric  waves  are  set  up  in  the  neighborhood  of  this  circuit, 
electromotive  forces  are  generated  in  it,  which  appear  to  bring  the 
filings  more  closely  together — that  is,  to  cohere-  and  thus  their  elec- 
trical resistance  decreases,  from  which  cause  this  piece  of  apparatus — 
the  tube  and  its  filings — is  termed  a  '*  coherer."  Hence,  the  receiv- 
ing instrument,  G,  in  the  figure, 


Fio.  2.— A  Branly  coherer. 


which  ma}'  be  a  galvanometer  or 

a  telegraph  relay,  that  normally 

would  not  manifest  any  sign  of 

current  from  the  small  battery, 

B,  will  be  operated  when  electric 

oscillations  are  set  up.     Profes- 
sor   Branly  further   found   that 

when  the  filings  had  once  cohered 

they  retained  their  low  electrical  resistance  until  shaken  apart,  for 

instance,  by  tapping  on  the  tube. 

In  1894  Dr.  O.  J.  Lodge  showed  that  the  Branly  coherer  could  be 

employed  to  transmit  telegraphic  signals,  and  in  order  that  the  filings 

might  not  remain  "cohered"  after  the  cessation  of  the  electric  oscilla- 
tions, he  devised  a  mechanical  "tapper,"  on  the  principle  of  the 
common  electric  doorbell,  the  hammer  of  which  was  caused  to  tap 
the  glass  tube  as  long  as  the  electric  oscillations  continued  (fig.  3). 
The  filings  thus  virtually  take  the  place  of  a  ke}^  in  the  ordi- 
nary telegraph  circuit.  In  the  normal  state  the  key  is  open;  in 
the  presence  of  electric  oscillations  the  key  is  closed.  Thus, 
by  opening  and  closing  the  key  for  a  longer  or  shorter  period, 

signals  corresponding  to  dots  and 


COHERER 


dashes  may  be  produced.  In  other 
words,  by  setting  up  electric  oscil- 
lations for  periods  of  time  corres- 
ponding to  dots  and  dashes,  mes- 
sagies  may  be  transmitted,  and  if 
at  the  receiving  station  a  record- 
ing instrument  (controlled  by  the 
-.^»ow  —    coherer),  such  as  is  used,  for  in- 

BATT6RY  EARTR  . 

Fig.  3.~lx)dge  upper  and  Poppoff  vertical  wire    StauCC,    in    the    WhcatstonC    auto- 

^  ■  "    added.  matic  telegraph  system,'*  be  pro- 

vided, a  record  of  the  message  in  dots  and  dashes  is  obtained.     And 
this,  in  shoH,  is  what  is  done  in  wireless  telegraphy. 

In  1895-96  Poppbff  and  others  utilised  the  coherer  to  show  the 
existence  of  atmospheric  electricity,  using  for  the  purpose  a  vertical 
wire  connected  to  the  coherer,  as  shown  in  fig.  3. 


/ 


o  Described  in  the  present  author's  American  Telegraphy. 
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While  Dr.  Lodge  has  since  done  important  work  in  connection  with 
wireless  telegraphy,  he  was,  at  the  time  mentioned,  presumably  more 
absorbed  in  the  subject  from  the  purely  scientific  standpoint  than 
otherwise,  and  although  he  then,  in  1894,  intimated  that  signals 
might  be  transmitted  to  a  distance  of  half  a  mile  by  Hertzian 
waves,  it  was  not  until  Marconi  began  his  memorable  work  that 
really  practical  results  were  obtained. 

In  the  operation  of  his  wireless  telegraph  system  Marconi  uses 
an  ele(!tric  oscillator  (figs.  4  and  5),  the  Branly  coherer  Jc^  the  Lodge 
tapper  ^,  in  a  local  circuit,  and  the  Poppoff  vertical  wire  A,  at 

the  sending  and  receiving  stations,  all  of 
which  devices,  as  has  been  shown,  were 
well  known,  and  it  has  been  by  modify- 
ing, improving,  and  perfecting  these 
devices,  and  by  adding  others,  that 
Marconi  has  been  enabled  to  obtain  his 
excellent  practical  results.  The  im- 
provements and  additions  that  have, 
perhaps,  conduced  more  than  anything 
else  to  the  first  successful  results  ob- 
tained by  Marconi  were  those  that  re- 
pio.  •i.-DetaiiR  of  Marconi'H  transmitting  latcd  to  the  cohcrer  and  the  vertical 
"^**°'-  wire.    The  sensitiveness  of  the  coherer 

he  increased  greatly  by  diminishing  its  size,  compared  with  the  Branly 
coherer,  and  by  employing  a  mixture  of  nickel  filings  and  silver — 90 
per  cent  of  the  former  and  10  per  cent  of  the  latter  metal.  He 
also  placed  the  few  filings  used  in  a  vacuum.  The  other  instru- 
ments, shown  in  fig.  5,  are  the  relay,  R,  controlled  by  the 
coherer,  and  an  ink-recording  instrument,  E,  controlled  by 
the  relay.    This  figure  illustrates  the  earlier  arrangement  of 

Marconi^s  devices.  In  it  the  coherer  is 
directly  connected  with  the  lower  end  of 
the  vertical  wire  by  one  of  its  terminals 
and  with  the  eailh  by  its  other  terminal. 
In  his  later  work,  Marconi  has  dispensed 
with  the  filings  coherer,  now  employing 
a  magnetic  detector,  which  is  much  more 
sensitive  than  the  coherer  and  does  not 
require  tappmg. 

Beginning  his  experiments  in  Italy  in 
1895  with  vertical  wires  20  feet  in  height, 
Marconi  found  that  he  could  get  signals 
at  a  distance  of  1  mile,  and  that  by  dou- 
bling the  height  of  the  vertical  wire  at  both  stations  signals  a>uld  be 
transmitted  to  four  times  that  distance.  Thus,  with  wires  40  feet 
high  he  could  sifirnal  4  miles,  and  with  wires  80  feet  high,  16  miles. 
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FiQ.  5.— Outline  oC  Marconi's  earUer 
devices. 
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Since  then  Marconi  has  steadily  tucreaued  the  height  and  number  of 
the  veilical  wires,  and  ali^o  the  distance  to  which  signals  can  be  trans- 
mitted tlimugh  free  space,  and  tn  his  latest  tests  about  60  vertical 
wiies  over  250  feet  high  are  used,  and  the  distance  to  which  signals 
are  transmitted  is  over  2,000  miles. 

The  amount  of  electrical  energy  employed  in  setting  up  the  electric 
oscillations  for  a  distance  of,  say,  200  miles  is  about  150  watts  (10  volts 
and  15  amperes),  or  about  one-iifth  of  a  mechanical  horsepower.     The 
source  of  the  electrical  energy  is  a  stor^e  battery,  which  latter  is 
usually  charged  by  a  large  number  of  dry  cells.     In  paa'^Ing,  it  may  be 
remarked  that  an  ordinary  telegraph  relay  may  i>e  operated 
at  a  distance  of  200  miles  at  an  expenditure  of  Z  watts  at 
the  transmitting  end  of  a  telegraph  wire,  or  with  one-fiftieth 
of  the  energy  used  in  operating  the  electric  oscillator  in 
question.     The  actual  enei^y  required  to  operate  the  tele- 
graph relay  is  about  0.24  of  a  watt,  the  rest  of  the  energy 

^ '  being  consumed  in  the  wii-e  itself. 

I  It  must  not,  however,  be  assumed 
I  from  this  that  the  coherer  is  a  less 
b  b  1  ?  n  sensitive  electric  receiver  than  the 
~vO  Ol — ^-'*— *-'  relay;  nor  will  it  be,  when  it  is 
reflected  that  the  electrical  energy 
expended  in  the  ease  of  the  relay 
is,  so  to  speak,  mainly  confined 
to  the  wire,  as,  analogously,  sound 
waves  are  confined  within  a  speak- 
ing tube,  whereas  the  electrical 
energy  of  the  oscillator  is  radi- 
ated into  space  in  evci-y  direction, 
and  thus  but  a  small  portion  of  the  total  energy  reaches  the  receiv- 
ing vertical  wire.  It  has  been  calcuUted  that  the  electrical  energy 
received  on  a  surface  1  foot  square  at  a  distance  of  but  1  mile  from 
the  oscillator  is  less  than  one  three-hundred-millionth  of  the  total 
energy  radiated,  and  it  may  be  noted  the  energy  actually  radiated  as 
electric  waves  is  a  mere  fraction  of  the  energy  consumed  in  and  at  the 
oscillator. 

From  the  results  obtained  by  Marconi  and  others  it  appears  that 
the  etfect  of  increasing  the  length  of  the  vertical  wires  is  to  give  a 
greater  radiatmg  surface  at  the  transmitting  end  and  to  present  at  the 
receiving  end  a  larger  surface  upon  which  a  greater  number  of  circles 
of  waves  may  fall,  each  circle  of  waves  adding  to  the  electrical  energy 
set  up  in  the  receiving  vertical  wire.  This  view  is  seemingly  borne 
out  by  experiments  made  by  Marconi  with  a  metal  cylinder  4.1  feet 
high  and  1.3  feet  in  diamet«r,  with  which  arrangement  signals  have 
been  transmitted  over. 31  miles  (fig.   6).     The  chief  object  of  this 
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arrangement,  however,  is  to  secure  a  radiator  having  large  capacity 
for  .syntonic  purposes,  to  be  referred  to  presently. 

The  vertical  wire  is  usually  of  stranded  copper,  about  one-fourth  inch 
in  diameter,  although  Marconi  for  this  purpose  uses  also  strips  of  wire 
netting  about  2  feet  broad.  On  land  the  wire  or  netting  is  supported 
by  masts  of  proper  height,  securely  guyed.  On  ships  the  ordinary 
masts  suffice.  It  is  not  necessar^'^  that  the  wire  be  suspended  strictly 
vertically  so  long  lus  the  desired  vertical  height  is  obtained.  The  wire 
is  thoroughly  insulated  from  the  mast  at  the  top  b}^  sticks  of  rubber  or 
ebonite,  and  is  led  in  through  an  open  window  or  hatchway  to  the 
room  where  the  transmitting  and  receiving  apparatus  are  situated. 
This  thorough  insulation  is  necessary,  because,  although  the  discharge 
knobs  of  the  oscillator  are  separated  by  an  air  space  of  only  half  an 
inch  or  less,  the  induction  coil  used  in  connection  with  the  oscillator 
is  often  capable  of  producing  a  spark  that  will  jump  10  or  12  inches 
through  air.  The  actual  appearance  of  the  induction  coil,  discharge 
knobs,  vertical  wire,  etc.,  is  well  illustrated  by  the  upper  figure  on 
Plate  III.  The  heavy  current  and  high  pressures  in  the  circuits  of  the 
oscillator  have  necessitated  the  employment  of  a  much  larger  key  for 
manipulating  the  oscillator  circuits  than  is  used  in  ordinary  Morse 
telegraphy. 

At  an  early  period  of  the  practical  history  of  Hertzian-wave  teleg- 
raphy it  was  seen  that  the  usefulness  of  this  art  might  be  considerably 
curtailed  by  the  fact  that  but  one  message  could  be  transmitted 
between  any  two  stations  within  the  sphere  or  "radius"  of  influence 
of  a  transmitter,  since  the  attempt  to  transmit  even  two  messages  at 
one  time  would  result  in  an  unintelligible  mixture  of  both  messages. 
Several  inventors  have  been  at  work  tr^^ing  to  overcome  this  defect, 
and,  it  is  claimed,  with  success,  notably  Dr.  Lodge,  Sig.  Marconi,  and 
Dr.  Slaby.  The  plan  followed  by  these  gentlemen  has  been  that  of 
employing  a  syntonic  or  tuning  method;  that  is,  the  transmitting  and 
receiving  circuits  are  adjusted  or  ''attuned"  to  a  given  rate  of 
electrical  oscillations. 

It  is  a  well-known  experiment  that  when  two  tuning  forks  having 
an  identical  fundamental  rate  of  vibrations  are  placed  in  suitable 
proximity  either  fork  may  be  set  into  vibration  by  air  waves  set  up 
by  the  other  fork  and  neither  will  be  set  into  vibration  by  another 
fork  of  a  diflferent  note.  The  tuning  fork  is  a  persistent  vibrator  by 
virtue  of  two  qualities  which  it  possesses — elasticity  and  inertia. 
When  struck  a  smart  blow,  it  moves  from  its  point  of  rest;  directly 
its  elasticity  returns  it  to  its  point  of  rest,  its  inertia  carries  it  past 
that  point,  its  elasticity  returns  it  to  zero  point,  inertia  carries  it  past, 
and  so  on,  until  the  resistance  of  the  air  and  other  causes  stop  it. 
Analogously,  an  electrical  circuit  may  be  given,  in  almost  any  desired 
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FiQ.  2.— The  Nantucket  Lightship,  Equipped  with  Marconi  Apparatus  ar  Mea 
pF=  WHICH  ALL  Passing  White  Star.  Cunaro,  and  Other  Atlantic  Steamers  ai 
Signaled  to  the  Nantucket  Island  Station,  Shown  on  Plate  IV. 
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proportion,  the  equivalents  of  mechanical  inertia,  elasticity,  and  resist- 
ance, in  inductance,  capacity,  and  ohmic  resistance,  respectively;  and 
the  rate  of  electrjc  oscillation  of  a  circuit  may  be  varied  by 
varying  these  factors — ^the  smaller  the  factors  the  higher  the 
rate  of  oscillation. 

When,  then,  the  receiving  circuit  of  a  wireless  telegi*aph 
system  is  accurately  tuned  to  oscillate  in  harmony  with  the 
transmitting  circuit,  which  can  be  done  by  giving  the  respec- 
tive circuits  practically  equal  inductance,  capacity,  and  resis- 
tance, the  receiving  circuit  will  respond  only  to  the  oscillations 
set  up  by  a  transmitter  correspondingly  tuned.  At  least,  this 
is,  briefly,  the  theory  on  which  these  experiments  are  based. 
In  experimenting,  Marconi  and  others  have,  it  is  stated,  found 
that  perfect  syntony  between  the  respective  stations  is  not 

absolutely  essential,  but  that  if  there  is 
a  marked  divergence  of  frequency  of 
oscillation  between  them  the  receivers 
will  not  respond  to  any  but  their  cor- 
respondingly attuned  transmitters. 

The  arrangement  of  Marconi's  tuned 
transmitting  and  receiving  circuits  is 
outlined  in  figs.  7  and  8.  It  will  there  be 
seen  that  the  oscillator  and  the  coherer 
h  are  not  connected  to  the  earth,  as  in 
Marconi's  first  experiments,  but  are 
kept  in  electrical  connection  therewith 
by  a  small  induction  coil  T,  In  fig.  7,  A  is  the  vertical  wire,  which  is 
attached  at  its  lower  end  to  a  coil  of  wire  lo.  The  end  of  the  wire  rf, 
which  forms  part  of  the  secondary  wire  of  the  induction  coil  T^ 
may  be  connected  to  any  desired  turn  of  the  coil  w.  By  this 
means  the  inductance  of  the  vertical  wire  circuit  may  be  varied, 
and  its  oscillation  period  thereby  be  made  to  correspond  with 
that  of  the  circuit  B^  of  the  oscillator,  which  includes  the  pri- 
mary wire  of  T;  C^is  ah  adjustable  condenser  of  very  small 
capacity,  by  varying  which  the  oscillation  period  of  the  circuit 

may  readily  be  varied.  An 
electrical  condenser  is  vir- 
tually a  Leyden  jar,  arranged 
in  a  convenient  form.  In  this 
case  it  consists  of  a  few  sheets 
of  tin  foil  or  copper,  the  alter- 
nate sheets  l>eing  separated 
from  each  other  by  thin  sheets 
of  paraflin  paper.  A  key  controls  the  storage  battery  circuit,  as 
shown  in  fig.  7,  and,  thereby,  the  oscillator  circuit;  M\^  the  induction 
coil  of  the  oscillator. 


Fiu.  7.— Marcuiii'H  tuned  transmitting 
circuit. 
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Fw.  8.— The  tuned  receiving  circtuit. 
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The  tuned  receiving  apparatus  is  shown  in  fig.  8.  In  this  figure,  A 
is  again  the  vertical  wire  with  the  turns  of  wire  w^  to  which  is  attached 
the  primary  wire  jt?  of  the  induction  coil  T;^d\&  the  secondary  of  the 
same  induction  coil;  ck  are  "choke"  coils;  k  is  the  coherer,  c  is  a  con- 
denser, and  It  is  the  relay.  The  induction  coil  T  acts  virtually  as  a 
step-up  transformer,  materially  enhancing  the  electromotive  forces  of 
the  received  oscillations,  and  thus  increasing  the  signaling  distance. 

Marconi  has  found  it  important  that  the  oscillation  period  of  the 
coherer  circuit,  shown  in  the  figure  in  solid  lines,  shall  be  the  same  a8, 
or  an  octave  of,  the  oscillation  period  of  the  vertical  wire  circuit, 
shown  by  the  dotted  lines.  This  can  be  done  by  making  the  secondary 
coil  p^  of  the  coil  T,  equal  the  length  of  the  vertical  wire  A,  The 
transmitter  circuit  is  then  adjusted  so  that  its  oscillation  period  cor- 
responds with  that  of  the  receiving  circuit.  This  is  brought  about  by 
varying  the  capacity  of  the  condenser  in  fig.  7.  The  method  of  obtain- 
ing this  ''balance,"  as  practiced  by  Marconi,  is  to  begin  with  very 
little  capacity'  in  the  condenser,  and  adding  to  it  until  the  best  results 
are  obtained  at  the  receiving  station.  If,  when  the  best  results  are 
obtained,  still  further  capacity  is  given  to  the  condenser  in  the  trans- 
mitting circuit,  the  signals  fade  away,  showing  that  then  the  two  circuits 
are  out  of  harmony. 

Marconi  also  found  that  by  means  of  tuned  apparatus  a  much  greater 
distance  may  be  reached,  with  a  given  source  of  electrical  energy  and 
height  of  wires.  For  example,  a  transmitter  which  would  affect  a 
tuned  receiver  30  miles  away  would  not  affect  a  nontuned  receiver 
160  feet  distant.  This,  it  may  be  assumed,  is  because  in  the  case  of 
the  tuned  receiver  the  faintest  oscillations,  or  electromotive  forces,  set 
up  in  the  receiving  circuit  by  the  incoming  waves  are  in  unison  with 
those  waves,  and  successive  incoming  waves  anlplify  the  oscillations  in 
the  receiver  circuit  until  they  affect  the  coherer;  whereas  the  oscilla- 
tions which  the  same  waves  tend  to  set  up  in  the  nontuned  receiver 
circuit  are,  so  to  speak,  out  of  step  with  the  natural  rate  of  osc^illation 
of  the  nontuned  circuit,  and  thus  as  frequently  oppose  as  assist  the 
natural  oscillations  of  the  circuit. 

In  connection  with  the  experiments  carried  on  by  Marconi,  it  is 
reported  that  two  different  messages  have  been  received  at  one  time 
on  a  vertical  wire,  two  sets  of  receiving  apparatus,  each  attuned  to  a 
different  rate  of  oscillation,  being  connected  with  the  same  wire.  To 
those  who  have  had  experience  with  Gray's  harmonic  system  of  wire 
telegraphy,"  in  which  three  and  four  instruments,  attuned  to  transmit 
and  to  receive  different  rates  of  electrical  current  pulsations,  have 
been  successfully  and  separately  operated  on  one  wire,  this  will  not 
appear  astonishing,  since  it  is  quite  conceivable,  if  it  be  granted  that 
wireless  transmitting  and  receiving  apparatus  can  be  successfully 
attuned,  that  two  or  more  receiving  instruments  might  be  connected 

''  Described  in  Mavcr'a  American  Telegraphy,  fifth  edition. 
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with  one  vertical  wire,  and  each  set  of  apparatus  select  and  respond 
only  to  the  particular  rate  of  oscillations  to  which  it  is  attuned. 

However,  while  the  successful  operation  of  contiguous  tuned  cir- 
cuits is  quite  within  the  possibilities,  it  is  reported,  as  a  result  of 
numerous  tests  in  France  and  elsewhere,  that  freedom  from  inter- 
ference "with  tuned  apparatus  is  not  yet  secured.  But  if  by  the  use  of 
tuned  apparatus  nothing  else  were  gained  than  the  ability,  with  a 
given  amount  of  electrical  energ)'^  and  a  given  height  of  vertical  wire, 
to  transmit  signals  to  a  greater  distance  than  is  possible  with  untuned 
apparatus,  it  must  be  considered  a  decided  advance  in  the  art,  and, 
judging  by  the  whole  progress  of  electrical  telegraphy,  it  is  safe  to 
say^,  when  so  much  has  already  been  achieved,  that  the  necessary 
improvements  to  obtain  at  least  practical  freedom  from  interference 
between  adjacent  apparatus  will  ultimately  follow. 

The  specimen  of  a  dot  and  dash  wireless  telegraph  record  given  in 
Fig.  9  is  a  facsimile  of  bulletins  "caught  on  the  wing"  during  the 
yacht  races  of  1899  in  New  York  Harbor.  Mr.  Marconi  had  his 
apparatus  on  the  steamship  Ponce^  and  was  sending  bulletins  of  the 
progress  of  the  race  to  the  Mackey-Bennett  cable  ship,  some  miles 
away,  when  this  specimen  and  many  others  were  recorded  by  a  set  of 
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Fio.  9.— Specimen  of  a  dot  and  dash  wireless  telegraph  record. 

Clarke  wireless  telegraph  apparatus  which  the  writer  was  supervis- 
ing on  the  steamship  Le  Orande  I}ticli€sse,  This  was  probably  the 
first  instance  of  tapping  Hertzian  wave  signals,  in  the  United  States 
at  least.  It  will  be  understood  that  Shr.  is  an  abbreviation  for  Sham- 
rock.  Other  abbreviations  were  used  in  these  bulletins,  as  Col.  for 
Columbia;  abt.  for  about;  bd.  for  board,  etc.  The  present  speed  of 
signaling  by  wireless  telegraphy  when  the  filings  coherer  is  used,  is 
from  10  to  20  words  per  minute;  but  it  seems  reasonable  to  expect 
that,  with  further  improvements  in  the  art,  expert  manipulators 
of  the  key  should  eventually  attain  a  considerably  higher  speed  of 
transmission. 

For  practical  purposes  there  is  not  much  doubt  that  wireless  teleg- 
raphy will  find  its  greatest  field  of  usefulness  between  vessels  at  sea, 
or  between  vessels  and  the  mainland,  or  between  points  divided  by 
the  sea  where  it  is  not  deemed  feasible  or  profitable  to  lay  a  cable. 
Numerous  examples  of  such  uses  are  already  in  evidence.  There  is, 
for  example,  a  wireless  circuit  between  some  of  the  Sandwich  Islands; 
another  between  the  Lizard,  Cornwall,  and  St.  Catherines,  Isle  of 
Wight,  186  miles  apart,  and  between  Poole  and  St.  Catherines,  31 
miles  apart.  The  British  Admiralty  have  also  adopted  the  system  for 
niany  of  their  war  ships  and  for  some  of  their  land  stations.     In  all, 
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they  have  about  40  sett}  of  such  wireles$8  telegraph  apparatus  installed. 
The  lenii^h  of  vertical  wire  of  these  stations  Is  about  150  feet.  The 
war  shipH  thus  equipped  have  signaled  each  other  when  1<¥>  miles 
apart.  The  wireless  system  is  also  installed  at  different  points  on  the 
continents  of  Europe  and  America — at  La  Rinne^  Belgium,  for  exam- 
ple, and  at  Dorkum  Island  in  the  North  Sea  off  the  mouth  of  the  Ems. 

A  number  of  light-ships  have  also  been  equipped  with  the  wireless 
telegraph  systems;  for  instance,  the  Goodwin  Sands  light-ship,  the  Bor- 
kum  light-ship,  ^5  miles  from  the  island  of  that  name,  and  the  Nan- 
tucket light-ship,  off  the  Massachusetts  coast,  from  which  station 
passing  vessels  are  daily  reported  to  the  mainland. 

Many  mercantile  steamships  have  also  been  equipped  with  the  same 
system,  notably  the  Kaiser  WUhelm  der  Grosse^  of  the  North  Grerman 
Lloyd  Steamship  Company,  the  Deut^^Aland,  of  the  Hamburg- Ameri- 
can Line,  and  the  vessels  of  the  Cunard  Line,  and  many  others.  Fre- 
quently vessels  thus  equipped  have  communicated  with  one  another 
by  wireless  telegraphy  in  mid  ocean,  and  while  out  of  sight  of  each 
other,  communication  being  thus  kept  up  for  hours  while  the  vessels 
were  passing  in  opposite  directions. 

There  is  little  doubt  that  the  use  of  wireless  telegraph  systems  by 
the  navies  of  the  world  will  become  general  in  the  near  future.  There 
are  .<:everal  reasons  why  such  systems  are  especially  applicable  to,  and 
desirable  on,  war  vessels,  which  depend  so  largely  on  signaling.  For 
instance,  signaling  by  the  Hertzian  waves  is  more  successful  over 
water  than  over  land,  greater  distances  being  reached  over  water. 
The  vessels  alreadv  carrv  the  necessarv  masts  for  the  vertical  wires; 
the  apparatus,  including  batteries,  does  not  require  to  be  portable; 
there  is  at  present  no  other  practicable  method  of  signaling  at  sea  to 
a  distance  of  even  a  few  miles  in  foggy  or  luuur  weather. 

With  regard  to  the  use  of  wireless  telegraphy  for  military  purposes 
in  actual  warfare,  the  problem  is  somewhat  different  and  the  obsta- 
cles to  its  use  are  considerable.  Thus  the  question  of  obtaining  and 
transporting  the  masts  for  the  vertical  wires  is  a  serious  one.  This 
was  one  of  the  difficulties  met  with  in  the  South  African  war.  The 
matter  of  providing  in  an  easily  portable  and  reliable  form  the  elec- 
tri(*al  energy  reciuired  for  the  operation  of  the  oscillator  is  also  likely 
to  be  rather  difficult  under  9ome  circumstances.  Should  the  cvlinder 
arrangement  employed  by  Marconi  be  found  suitable  for  land  work, 
this  would  be  a  decided  gain,  and  if  by  this  means  a  reasonable  dis- 
tance, say  15  to  50  miles,  could  be  covered  by  wireless  telegraphy,  it 
would  l>e  a  very  valuable  addition  to  military*  signaling  in  the  field. 

There  is,  however,  nearly  always  in  land  operations  the  alternative 
of  wire  telegraphy,  and  while  the  difficulties  of  transporting  the  poles 
aiKl  wires  for  swh  systems  are  f I'equently  veiy  great,  they  have  rareh- 
been  found  insurmountable,  and  where  this  may  >>e  the  case,  as  when 
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an  enemy  is  between  a  relieving  army  and  a  beleaguered  garrison,  it 
is  very  probable  that  the  enemy,  by  keeping  up  a  ''cross  fire"  of 
electric  waves,  could  prevent  communication  by  means  of  wireless 
telegraphy  with  the  beleaguered  army. 

As  to  the  commercial  or  monetary  value  of  wireless  telegraphy,  it 
is  3^et  too  early  to  comment.  Commercial  trans-Atlantic  wireless 
telegraphy  has  been  promised  since  the  early  part  of  1901,  but  it  is  not 
yet,  at  the  end  of  1902,  accomplished.  It  is  understood  that  the  Mar- 
coni Company  receives  from  the  British  Admiralty  £100  per  annum 
for  fifteen  years,  presumably  during  the  life  of  patents,  for  each  sta- 
tion equipped.  The  Borkum  lightship  is  what  may  be  termed  a  wire- 
less telegi^aph  "pay  station,"  and  according  to  the  German  postal 
authorities,  which  control  this  station,  565  messages  were  handled 
during  five  and  a  half  months,  or  about  three  messages  per  day,  of 
which  518  messages  came  from  ships  at  sea,  while  47  were  transmitted 
to  ships.  A  large  percentage  of  these  messages  were  to  and  from 
North  German  Llovd  steamers. 

Since  the  first  announcement  of  Marconi's  successes  with  wireless 
telegraphy  many  aspirants  for  honors  in  the  same  field  have  natui^ally 
arisen,  but  so  far  as  actual  commercial  results  are  concerned  Marconi 
has  hitherto  kept  well  ahead  of  other  workers  along  this  line.  But 
more  recently  such  companies  as  the  De  Forest  in  this  country  and 
the  Slabo-Arco  and  the  Braun  in  Europe  are  operating  in  numerous 
instances  with  success. 

To  obtain  the  greatest  degree  of  usefulness  from  wireless  telegraphy, 
when  it  is  employed  to  prevent  collisions  at  sea  and  to  send  informa- 
tion from  vessels  in  distress  or  when  approaching  or  departing  from 
their  respective  harbors,  which  are  popularly  supposed  to  be  the  func- 
tions for  which  this  system  is  especially^  adapted,  it  would  appear  to  be 
essential  that  every  vessel  sailing  the  main  should  be  equipped  with 
the  apparatus.  The  writer  can  say  from  experience  that  it  requires 
a  considerable  degree  of  expertness  to  maintain  the  apparatus  in  proper 
working  order,  and  even  when  code  signals  only  are  employed  a  fair 
amount  of  intelligence  is  required.  It  is  therefore  a  question  whether 
the  requisite  skill  and  intelligence  would  be  available  at  all  times  on 
all  kinds  of  craft. 

There  are,  however,  doubtless  a  great  many  places  where  the  neces- 
sary expertness  of  operators  is  available,  and  in  which,  therefore,  the 
full  value  of  the  system  will  be  realized.  In  fact,  it  may  be  stated 
that  a  vastly  larger  employment  of  wireless  telegraphy  is  already 
assured,  since  the  Lloyds,  whose  extensive  maritime  interests  are 
world-wide,  have  entered  into  a  contract  with  the  Marconi  Interna- 
tional Marine  Communication  Company  to  equip  all  their  coastwise 
signaling  stations  with  this  system,  and  to  transmit  and  receive  mes- 
sages to  and  from  all  passing  vessels  similarly  equipped,  at  a  regular 
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tariff  i*ate  of  about  12  cents  per  word,  this  agreement  to  extend  over 
a  period  of  fourteen  years,  and  in  this  countr}'^  as  well  as  in  Europe. 
Already  in  the  comparatively  few  instances  where  the  system  has 
been  introduced  its  great  utility  and  importance  have  been  amply 
demonstrated. 

A  number  of  vessels  equipped  with  wireless  telegraph  apparatus 
have  signaled  for  aid  for  themselves  and  for  other  vessels  in  distress; 
necessary  supplies  for  light-houses  have  by  this  means  been  procured 
in  emergencies,  and  in  other  ways  life  and  property  have  already  been 
safeguarded  by  the  aid  of  this  latest  wonderful  utilization  of  nature's 
greatest  mystery,  the  ether,  by  the  genius  of  man. 
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TELPHERAGE." 


By  C3HARLES  M.  Clark.* 


Definition. — Telpherage  is  derived  from  two  Greek  words  "  rf\f" 
and  '^  t^epoo,'^^  *'Tele"  means  far,  and  ^'ferro"  means  to  bear 
or  to  carry.  Therefore,  telpherage  means  far-carrying.  The  same 
word  "tele"  appears  in  telegraph  and  telephone.  The  word  was 
originally  invented  by  the  late  Prof.  Fteeming  Jenkin,  who  was 
the  early  spirit  of  telpherage,  and  but  for  his  untimely  death  tel- 
pherage would  be  even  more  extensively  nsed.  Like  many  other 
words,  its  meaning  has  varied.  In  the  begirding  it  meant,  practically, 
aerial  electrical  transportation,  but  now  it  has  been  brought  back  to 
its  original  me^aning,  which  is  the  transportation  of  material  to  a  dis- 
tance by  electricity,  overhead,  or  sometimes  on  the  surface,  or  even 
underground.  In  the  latter  oase^  it  is  termed  "tubular  dispatch." 
Therefore,  telpherage  may  be.  concisely  defined  as  the  electrical  trans- 
portation of  material.  The  method  of  applying  it*  is  an  engineering 
problem  and  must  depend  upon  local  conditions,  and  even  to-day  the 
term  "telpherage  engineering"  is  becoming  a  common  expression. 
It  will  be  noticed  that  the  word  "automatic"  is  left  out  in  these 
definitions.  The  I'eason  for  this  is  that  it  is  a  commercial  question, 
and  in  cases  where  a  man  is  required  to  attend  to  certain  portions  of 
the  work,  it  is  often  cheaper  for  the  man  to  go  with  the  load  than  to 
use  automatic  devices.  As  to  whether  it  is  better  to  make  an  installa- 
tion automatic  or  otherwise,  depends  entirely  upon  the  comparative 
cost  of  the  two  methods  of  operation..  In  this  connection  it  may  be 
said  that  with  telpherage  plants  the  word  "  telpherman"  is  now  often 
used. 

History. — The  early  history  of  telpherage  closely  resembles  that 
of  the  electric  railway.  Before  the  successful  pioneers  in  electric 
street-railway  traction  had  finally  accomplished  satisfactory  results, 

«  Reprinted  by  permission,  after  revision  by  tbe  author,  from  Transactions  of  the 
American  Institute  of  Electrical  Engineers,  New  York,  Vol.  XIX,  April,  1902,  pp. 
391-409. 

ft  A  paper  read  at  the  one  hundred  and  sixty-fourth  meeting  of  the  Amerioan 
Institute  of  Electrical  Engineers,  New  York  and  Chicago,  April  25,  1902. 
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many  men  had  experimented^  and  it  is  well  known  that  some  fort\^ 
years  ago  an  electric  railway  was  operated  having  a  speed  of  several 
miles  per  hour.  It  seems  that  it  is  necessary^  with  all  successful 
applications  of  power  to  the  transportation  problem,  that  much  pre- 
liminary work,  semingly  unproductive,  must  be  done.  It  often  hap- 
pens, as  in  the  case  of  early  telpherage,  that  the  times  were  not  ripe 
for  its  conmiercial  adaptation.  In  the  history  of  telpherage  in  Eng- 
land, a  telpherage  line  was  installed  u&ing  what  was  then  called  the 
series  system,  whereby  it  was  necessary  to  use  a  telpher  with  a  num- 
ber of  trailers.  One  section  was  positive  and  the  next  negative,  the 
current  passing  from  one  section  of  the  track  to  the  other  through  the 
motor,  thereby  completing  the  circuit.  In  passing  ov  er  the  insulator 
between  the  positive  and  the  negative  sections,  there  necessarily 
occurred  considerable  sparking,  which  greatly  increased  the  cost  of 
maintenance.  It  was  also  necessarv  to  alwavs  have  trains  of  certain 
lengths.  There  were  many  other  disadvantages,  such  as  having  to  use 
a  track  made  of  round  bar  rail  and  the  difficulty  of  manufacturing 
reliable  electric  motors.  If  it  was  desired  to  install  a  telpherage 
plant  it  was  always  necessary  to  put  in  an  engine,  boiler,  and  dynamo. 
In  comparison  with  its  early  history  telpherage  to-day  possesses  the 
advantage  that  every  factory,  where  there  is  need  for  telpherage, 
either  has  its  own  electrical  plant  or  the  power  may  be  rented  from 
existing  central  stations  or  even  street-railway  stations.  There  are 
also  to-day  for  aerial  transportation  most  excellent  cables  made 
especially  for  telphei'age  work,  and  likewise,  where  it  is  more  desir- 
able to  use  than  solid  rail  cable,  special  shapes  have  been  devised 
which  give  most  excellent  results.  Motors,  controllers,  and  carriers 
of  great  reliablity  are  now  manufactured  following  the  methods 
developed  by  the  best  railroad  practice. 

Before  it  was  decided  to  enter  into  the  present  commercial  adapta- 
tion of  telpherage,  an  engineer  visited  all  the  electrical  manufacturing 
plants  and  electrical  installations  in  Europe,  and  found  that  nothing 
was  being  done  in  the  transportation  of  materia!  electrically.  In  the 
United  8tates  many  experiments  had  been  made,  but  the  inventoi-s 
were  always  seeking  the  unobtainable.  Upon  carefid  research,  it 
was  found  that  there  were  450  patents  directly  applying  to  telpherage 
and  several  hundred  more  which  pertained  indirectly  to  this  subject. 
Most  of  these  original  inventors  were,  however,  too  ambitious,  and 
there  was  hardlv  anv  limit  to  the  number  of  miles  per  minute  which 
was  to  be  achieved  by  the  new  and  wonderful  agent,  electricity.  Xi»t 
only  material  was  to  be  transported,  but  also  passi*ngers,  and  beauti- 
ful cars  of  mahogany  were  built  and  put  in  experimental  operation. 
Cigar  shaped  carriers  were  deviseil,  some  of  which  made  a  speed  of  2 
miles  per  minute  or  more,  and  when  it  was  impossible  to  attain  a 
greater  speed  there  was  great  discouragement.     There  are  no  authentic 
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exKinples  of  much  more  than  experimental  work,  namely,  merely  con- 
veying material  between  two  ^lointa,  generally  in  a  straight  line, 
placed  in  some  vacant  lot  or  loft,  and  fhei'e  «eemecl  to  be  a  desire  to 
force  the  method  of  transportation  according  to  certain  preconceived 
ideas,  rather  than  to  pay  the  necessary  attention  to  its  commercial 
adaptation. 

OonstTiiction. — On  aecount  of  various  advantages  in  regard  to  the 
distribution  of  material — such  as  depositing  at  an  elevation — roost  of 
the  telpherage  plants  thus  far  installed  have  been  overhead.  Aa  engi- 
neers, you  will  be  most  interested  in  hearing  what  has  been  accom- 
plished. The  descriptions  are,  therefore,  confined  to  overhead  work. 
Under  the  head  of  construction,  it  may  be  stated  that  the  track  is  made 


of  cable,  especially  drawn,  either  of  standard  wire  or  lock  coil  type, 
which  latter  has  a  strength  approximating  »5  per  cent  that  of  the  solid 
bar,  or  else  solid  rail,  cither  of  flat,  girder,  or  bulb  type. 

The  cable  tracks  are  supported  every  100  feet,  provided  it  is  con- 
venient to  erect  poles  or  structures.  Where  there  are  deep  dvines 
oi'  between  upper  stories  of  factories,  the  spaD  is  made  to  correspond 
with  the  distance,  and  can  bo  made  of  any  i-easonable  length.  In 
addition  to  the  track  cable,  ujKDn  which  the  telpher  runs,  there  is  also 
what  is  known  as  the  suspension  cable.  As  is  well  known,  it  would 
be  impossible  to  prevent  considerable  sag  in  the  track  cable  and  there- 
fore the  track  mble  is  suspended  from  this  suspension  cable  by  means 
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of  hangers.  The  number  of  these  hangers  would  depend  upon  the 
length  of  the  spans.  It  will  be  easily  seen  that  it  is  possilile  to  have  the 
center  of  the  spans  higher  than  the  ends  by  merely  raising  the  sus- 
pension cable  and  the  hanger.  This  obviates  one  of  the  earl}^  diffi- 
culties met  in  the  use  of  cable  for  telpherage,  as  there  is  now  no 
objectionable  deflection  in  the  cable  when  the  telpher  approaches  a 
bracket.  There  are  several  methods  of  connecting  the  track  and  sus- 
pension cables  by  means  of  the  hangers.  The  sizes  of  the  cable, 
hangers,  and  brackets  vary,  depending  upon  the  weight  which  comes 
upon  each  individual  span.  The  support  was  either  simple  poles  with 
a  bracket,  or  what  is  known  as  the  ""A"  construction  or  ordinary  cross 
bents.     Cable  construction  costs  less  than  solid  rail,  except  where 
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FiQ.  2.— other  forms  of  pole  construction,  showing  single  and  double  lines.  The  track  cables  are 
supported  by  another  cable,  which  is  called  the  suspension  cable.  It  would  !h»  impowiible  with 
long  spans  to  stretch  a  cable  so  that  under  load  there  would  not  be  considerable  deflection.  Thla 
deflection  or  sag  in  taken  up  by  the  suspension  cable.  Not  only  can  we  make  the  track  cable 
horizontal  but  even  higher  in  the  center  than  at  the  terminaK 

there  are  many  switches,  in  which  cases  the  prices  of  solid  mil  and 
cable  approach  eac*h  other.  In  general,  cable  lines  are  recommended 
for  straight  lines,  except  where  the  weight  is  excessive. 

In  solid  rail  construction,  the  supports  are  ordinarily  placed  IG 
to  20  feet  apart;  longer  spans  are  used  if  it  is  not  convenient  to  erect 
supports.  On  long  spans,  the  track  consists  of  a  girder  mil  with  the 
track  luil  above  it.  It  is  not  possible  to  give  any  general  rule  as  to 
what  kind  of  tmck  it  is  advisable  to  use,  as  this  is  a  factor  of  the 
length  of  the  spans  and  the  weight.  The  weights  conveyed  thus  far 
by  telphemge  vary  from  125  to  10,000  pounds,  and  the  cost  varies 
acco^dingl3^     It  will  be  readily  understood  that  when  the  weights  are 


TELPHEKAGE. 


279 


greater,  the  supports  must  be  nearer  together,  and  the  cables  or  gir- 
ders heavier.  Running  parallel  to  the  track  rail,  either  above  or  at 
the  side,  and  depending  upon  the  amount  of  head  room,  are  stretched 
one  or  more  trolley  wires;  one  wire,  if  the  track  be  used  as  a  return. 
If,  however,  it  is  desired  not  to  use  the  track  as  a  return,  or  to  use 
alternating  current,  two  trolley  wires  are  employed.  There  are  many 
other  details  of  construction  which  the  illustrations  show  better  than 
any  description. 

Telpfiers, — According  to  the  construction,  telphers  are  divided  into  ^ 
three  distinct  classes,  center-bearing,  side-bearing,  and  alternate-bear- 
ing. The  center-bearing  has  two  motors,  one  on  each  side  of  the 
track;  the  side-bearing  has  both  motors  on  the  same  side,  and  the 
alternate  has  one  motor  upon  one  side  of  the  track  and  the  other 
motor  upon  the  other  side,  but  not  upon  the  same  shaft.  Illustrations 
of  some  of  these  telphers  are  shown,  also  the  same  in  operation.  All 
the  weight  in  the  side-bearing  telpher  is  utilized  for  traction,  and  the 
load  is  suspended  beneath  the  driving  wheels.     Sometimes  two  telphers 
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Fro.  3.~The  double  telpher;  maximum  traction;  capacity,  4  tona  of  coal,  or  95  cubic  feet;  speed,  800 
to  1, 200  feet  per  minute.  Side-dumping  bucket  operated  by  telpherman ;  controlled  from  either  end. 
Telphers  can  be  operated  separately.  Three  of  these  double  telphers  have  a  capacity  of  260  tons 
of  coal  per  hour  over  2,000  feet  of  track.    Labor,  power,  and  maintenance  less  than  1  cent  per  ton. 

are  connected  up  together  in  a  single  truck,  this  giving  what  is  called 
a  double  telpher;  or  a  trailing  wheel  is  used  after  a  double  telpher  in 
order  to  distribute  the  weight  over  a  greater  portion  of  the  track. 
This  is  necessary  when  the  weight  of  the  load  to  be  carried  is  great. 
Fig.  3  shows  quite  fully  this  weight  distribution.  In  all  telpherage 
work  gears  are  rarely  used  except  for  very  heav}"  work  or  on  steep 
grades.  The  frames  of  the  later  telphers  are  made  in  one  casting,  and 
the  driving  wheels  are  of  steel,  this  having  been  determined  to  be  the 
best  material. 

Motors. — The  motors  are  waterproof  and  dust  proof  and  are  com- 
pound wound  for  automatic  work.  When  a  telpherman  goes  with  the 
telpher  the  series  winding  is  employed.  There  is  also  used  a  special 
series  coil  to  give  greater  torque  when  starting.  The  telpher  is  placed 
above  the  track,  thereby  keeping  the  motors  from  injury,  while  there 
is  also  no  danger  of  their  coming  in  contact  with  the  carriers  or  being 
otherwise  injured. 
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Hoists. — The  hoist  is  suspended  below  the  telpher,  or  sometimes 
from  a  trailer  drawn  by  the  telpher.  Special  attention  has  been  paid 
in  the  later  designs  of  hoists  to  use  as  little  head  room  as  possible.  It 
was  deemed  best  at  first  to  combine  the  telpher  and  hoist  all* in  one, 
but  there  were  so  many  cases  where  it  was  necessary  to  use  the  telpher 
alone  without  the  hoist,  and  also  where  it  was  advisable  to  put  the 
hoist  on  the  trailer  instead  of  on  the  telpher,  that  experience  has  shown 
it  is  better  to  make  the  telpher  and  hoist  two  separate  pieces  of  appa- 
'  ratus.  Greater  simplicity  has  also  been  obtained  and  a  correspond- 
ingly lower  maintenance  reached.  There  are  many  other  interesting 
details  concerning  hoists,  as  to  the  speed,  lift,  and  construction,  which 
it  is  necessary  to  omit  here. 

Brakes. — Two  distinct  types  of  brake  are  used  on  telphei's,  either 
hand  brakes  or  solenoid  brakes,  both  of  which  are  arranged  to  apply 


r> 

/\ 

• 

\.  ^  J 

M«wafcl«  ^acN. 

^..-=r.^._.'' 

Pio.  4.— Plan  of  circular  coal-storage 
shed  with  rotating  telpher  track. 


Pig.  5.— space-covering    or 
telpher  track. 


movable 


pressure  to  the  wheels  or  to  grip  the  track.  In  regard  to  the  solenoid 
brake,  it  is  only  necessary  to  explain  that  it  works  automatically,  the 
solenoid  being  placed  in  series  with  the  armature.  A  spring  normally 
holds  the  brake  on  the  wheel  or  the  track.  If,  however,  from  any 
cause  the  amount  of  current  passing  through  the  solenoid  is  reiluced, 
whether  by  means  of  external  resistiinee  or  by  reason  of  the  additional 
counter-electromotive  force  generated  by  the  armature,  due  to  running" 
at  a  high  speed,  the  solenoid  becomes  weakened  and  the  brake  is  applied. 
An  air  cushion  is  arranged  so  that  the  brakes  will  be  applied  gradually. 
TraUf'7's, — It  is  often  advisable  where  a  large  amount  of  material  is 
to  be  carried,  especially  over  one  track,  to  use  trailers.  These  con- 
sist generally  of  a  two-wheeled  truck,  below  which  is  suspended  a 
bucket  or  other  suitable  form  of  carrier,  or  even  the  hoist,  as  the  ease 
may  require.     For  heavy  traffic  it  is  customary  to  arrange  a  long  train 


Fig.  1.— Telpher  with  Automatic  Dumpinq  Bucket  Traversini 


n  operation.    Compeiund  I'l 


Fis.  1,— Load  of  Misceuianeous 
Freight  Approaching  Warehouse 
(Terlphermun's  Seat  attached 
to  Telpher  Frame  Ext 


Fhj,  2.— Buckets  Filled  ff 


Fia  3.— Telpher,  Trailer,  and  Minimum  Headroom  Hoist. 
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carrying  as  much  tm  10  tons.  The  order  of  procession  is,  first,  a  telpher 
with  four  or  five  trailere,  then  another  telpher  and  four  or  five  trailers, 
and  a  telpher  at  each  end.  The  placing  of  these  telphers  at  intervals 
greatly  adds  to  the  ti-action,  while  the  distribution  of  weight  over  the 
whole  span,  or  over  two  or  three  ^pans,  enables  much  lighter  construc- 
tion to  be  used  for  greater  capacity. 


By  means  of  space-covering  or  movable  telpher  tracks  coal  can  he 
deposited  or  reuioved  from  any  portion  of  the  storage  yai-d,  and  not 
merely  from  beneath  the  telpher  tmck.  This  track,  movable  by  hand 
or  electric  power,  gi-eatly  reduces  the  necessity  of  a  multiplicity  of 
telpher  tracks  ami  switches  to  .serve  all  the  spai'e.     The  top  surface  of 


the  coal  thus  deposited  Is  horizontal,  and  not  in  peaks,  so  that  the 
whole  vertical  space  can  be  utilized.  Sand,  gravel,  earth,  sulphur, 
or  various  chemical  products  can  lie  as  easily  raised,  transported,  and 
dumped  into  vessels  or  cars. 

LayouiH. — Much  engineering  skill  is  required  to  lav  out  or  plan  the 
telpaer  lines  for  any  propose<l  work  in  order  to  decide  whether  the 
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line  should  be  single  or  double  and  the  weight  to  be  carried  by  each 
unit.  The  installations  should  be  so  planned  that  the  expense  will  be 
reduced  to  a  minimum,  and,  further,  that  the  track  will  not  interfere 
with  existing  machinery  or  buildings,  taking  care  to  avoid  an  excessive 
number  of  cui-ves  and  switches,  as  these  add  more  or  less  to  the  expense, 
particularly  to  the  cost  of  erection. 

Method  of  operation,-  -It  is  difficult  to  treat  in  a  general  way  of  the 
method  of  operation.  In  automatic  lines  it  is  necessary  to  provide 
appliances  whereby  it  is  impossible  for  an  unskilled  operator  to  injure 
the  telpher.  In  order,  therefore,  to  provide  for  contingencies,  a 
"dead  section'*'  is  placed  at  each  end  of  the  line,  the  middle  of  the 
line  being  generally  left  alive.  Upon  closing  a  spring  switch,  the 
dead  section  is  energized  so  long  as  the  operator  keeps  his  hand  on  the 
switch,  which  is  usually  only  a  few  seconds,  during  which  time  the  tel- 
pher passes  to  that  portion  of  the  line  which  is  always  alive.  When 
it  reaches  the  other  end  it  comes  upon  the  dead  section  and  then  either 
slows  down  of  its  own  accord,  or  qIsc  a  mechanical  or  solenoid  brake  is 
applied.  The  telpher  then  passes  under  the  reversing  arrangement 
and  it  is  therefore  reversed,  either  with  no  current  in  the  line  or  else 
with  a  high  resistance.  If  the  telpher  is  at  the  farther  end  of  the  line, 
the  operator  at  the  near  end,  by  closing  a  switch,  can  bring  it  back  to 
him.  The  dead  sections  at  the  end  of  the  line,  which  have  current 
only  so  long  as  the  hand  is  held  upon  the  spring  switch,  render  the 
line  as  safe  as  possible  against  the  telpher  coming  in  contact  with  the 
terminal  posts.  An  automatic  block  system  prevents  collision  of 
telphers. 

Cun^e^. — The  curves  are  solid  rail  and  likewise  the  trolley  track, 
where  there  is  a  curve,  especially  when  it  has  a  short  radius.  Where- 
ever  it  is  necessary  to  pass  around  a  curve,  to  take  turnouts  or  cross- 
overs, a  resistance  is  inserted  in  the  trolley  circuit,  whereby  the  telpher 
automatically  reduces  its  speed  while  it  is  traversing  the  curve  or  turn- 
out or  approaching  a  cross-over  switch.  As  soon  as  it  reaches  the 
other  side  of  the  curve  it  receives  full  voltage  and  continues  at  its  nor- 
mal speed.  In  regular  service  the  speed  varies  from  3(M)  or  8<K)  feet 
per  minute  up  to  20  miles  per  hour,  or  even  more,  when  required. 
The  slower  speeds  are  used  when  the  lines  are  short  and  where  there 
are  many  curves,  particularly  for  factory  and  foundry  work.  For 
lines  running  across  the  country  a  speed  in  excess  of  20  miles  per  hour 
can  l)e  obtained,  but  with  the  higher  speeds  the  cost  of  the  construc- 
tion increases,  certain  special  devices  being  necessar\'.  Even  for 
installations  which  are  termed  "cross-country  work,"^  15  to  20  niiios 
per  hour  has  been  found  amply  sufficient. 

As  to  what  the  ultimate  capacity  on  grades  may  Ije,  this  has  not 
been  fully  determined.  Experimentally  more  than  20  per  t^nt  has 
been  reached.  In  actual  practice  the  greatest  grade  equipped  has  l>een 
12  per  cent,  and  thus  far  there  seems  to  l)e  ample  traction. 
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TlieoreticcU  horsepower  necessary  to  propel  1,000  pounds  at  %HirUyas  speeds  and  up  various 

grades  at  same  speeds. 


Grades  In 
per  cent. 
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Although  the  amount  of  power  may  be  easily  figured  out,  it  is  some- 
what in  the  nature  of  a  surprise  when  we  consider  that  to  carry  half  a 
ton  on  a  level  track  at  a  speed  of  6  miles  per  hour,  much  less  than  a 
horsepower  is  required,  including  all  losses.  This  is  a  revelation  to 
most  manufacturers.  The  absence  of  gearing,  the  motors  being 
attached  directly  to  the  driving  wheels,  gives  the  highest  efficiency 
possible,  as  well  as  freedom  from  noise. 

The  actual  power  consumed,  according  to  the  table  given  above,  at 
6  miles  per  hour  for  1,000  pounds  on  a  level  is  only  0.16  horsepower. 
It  is  therefore  seen  that  ample  allowance  is  made  for  losses  and  extra 
weights  not  provided  for  in  the  load,  such  as  down-comes,  buckets,  or 
carriers.  The  power  required  increases  greatly  with  the  grades,  and 
when  this  reaches  certain  limits  it  is  deemed  advisable  to  use  gears  in 
order  to  reduce  weight  of  motors. 

Mainteiimice, — Although  telpherage  has  not  as  yet  been  in  operation 
for  a  sufficient  number  of  years  to  determine  exactly  what  the  main- 
tenance will  be,  yet,  at  the  same  time,  in  lines  that  have  been  operated 
for  a  year  and  a  half  the  maintenance  has  been  exceedingly  small.  As 
stated  above,  the  driving  wheels  being  of  steel,  none  of  them  has  thus 
far  shown  any  signs  of  wear,  and  trailer  wheels  are  of  the  same  material 
and  type  which  have  been  used  on  mechanical  cable  lines  for  ten  years 
and  are  still  in  good  serviceable  condition.  The  motors,  on  account 
of  their  elevated  position,  have  shown  a  better  maintenance  than  sta- 
tionary motors  of  the  same  type.  This  may  possibly  be  from  the 
extra  care  taken  in  their  construction.  In  regard  to  the  track,  this 
has  also  shown  most  excellent  results,  also  due  to  the  fact  that  it  is 
above  grit  and  dirt  and  crossing  teams  and,  when  well  painted,  has 
shown  little  signs  of  wear  or  depreciation.  Wherever  a  change  is 
made  from  cable  to  solid  rail  or  where  cable  passes  over  hangers  or 
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brackets  it  is  protected  bj  what  are  called  ''shields,''  these  being' 
arranged  so  that  the}'  can  be  readih^  replaced.  The  cable  is  also  pro- 
tected at  the  hanger  and  bnvckets  by  steel  shields. 

Capacity, — An  impoitant  feature  in  telpherage  is  the  capacity  of 
the  line.  In  general,  I  can  say  that  there  is  no  other  form  of  con- 
veyor known  which  shows  such  flexibility.  This  is  due  to  the  use  of 
electricity,  and  the  features  which  apply  to  the  street  railway  apply 
also  to  telpherage.  There  are  two  factois  of  special  importance  in 
relation  to  the  capacity  of  the  line:  First,  the  speed,  and  second,  the 
number  of  telphers  and  ti-ailers.     The  line  may  be  laid  out  with  one 


Fig.  8. — Plan  and  elevation  of  another  fonn  of  double  telpher  with  4-ton  coal  bucket,  bottom  dump- 
ing, cab  for  telpherman.  The  side  elevation  shows  method  of  attachment  to  nide  of  building  and 
loading  chute. 

telpher  and  a  few  trailers.  More  telphers  or  trailers  may  ^)e  added, 
and,  if  upon  a  single  line,  coupled  in  long  trains.  If  it  is  desired  still 
further  to  increase  the  capacity,  the  line  may  be  made  double,  while, 
if  desired,  the  carriers  may  also  be  made  continuous  so  as  to  take 
boxes  and  Ixirrels  or  other  freight  as  fast  as  they  can  be  delivered  to 
the  carriei's  of  the  telphers  and  trailei's. 

The  flexibility  of  telpherage  in  regard  to  capacity  is  wonderful,  and 
is  a  most  imj)ortant  feature.  In  fact,  it  may  be  said  that  there  is 
practically  no  limit  to  flexibility.  In  one  plant,  about  to  be  installed* 
the  proposed  capacity'  is  250  tons  per  hour,  over  a  distance  of  one-half 
a  mile,  the  material  to  l)e  distributed  over  an  area  of  about  an  acre. 
Anyone  who  is   familiar  with  conveying  will    note  that  there  is  no 
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other  system  that  can  do  this  so  economically,  cheaply,  and  in  a  way 
so  thoroughly  satisfactory  a  manner  as  telpherage. 

The  nature  of  installation  varies  with  the  amount  of  material  to  be 
carried,  so  that  if  the  amount  to  be  carried  is  small,  the  expenditure 
need  not  be  great. 

Applications  of  telpherage, — ^There  are  few  factories  where  the 
installation  of  an  overhead  telpherage  system  would  not  prove  a  valu- 
able investment.  The  question  is  often  asked:  Is  telpherage  suited  for 
carrying  specific  articles  ?  And  the  reply  may  be  that  it  is  adapted  to 
the  conveying  of  the  products  of  almost  every  kind  of  manufacturing. 


-»«••— 


Fic  9. — In  sewer  or  trench  excavation  the  method  of  operation  i8  ai<  follows:  The  bucket  has 
attached  to  it  a  trailer  wheel.  The  buckets  and  wheel  are  lowered  into  the  excavation  and  the 
bucket,  when  filled,  is  raised  by  the  electric  hoist  «o  that  Ihc  wheel  of  the  trailer  engafires  the  jjravity 
rail.  The  load  then  paHses  by  gmvity  to  the  place  desired  and  is  automatically  dumped.  This  may 
be  along  the  line  of  excavation,  for  refilling  the  trench,  or  to  the  right  or  left,  for  unloading  into 
carts,  or  in  connection  with  the  telpher  to  any  desired  distance.  The  telpher  has  the  flexibility  of  a 
trolley  car.  This  method  is  a  combination  of  telpher  and  gmvity  lines,  and  the  amount  of  work  that 
can  be  accomplished  by  it  with  the  minimum  of  labor  is  remarkable. 

In  these  days  of  consolidation  of  companies,  factories  cover  immense 
areas.  The  individual  buildings  are  frequently  large  enough  in  them- 
selves to  utilize  a  telpher  line.  In  many  cases,  on  account  of  fire  risks 
or  of  convenience  in  manufacturing,  the  buildings  are  widely  separated 
from  ejich  other,  and  yet  constant  communication  is  necessary.  Over- 
bead  telpherage,  therefore,  in  manufacturing  establishments  is  used 
for  carr3Mng  the  raw  material,  implements,  and  finished  products  from 
one  part  of  the  grounds  to  another,  from  one  building  to  another,  or 
even  from  one  part  of  a  building  to  another  part,  moving  raw  material 
from  cars  or  vessels  to  the  works  and  then  taking  the  finished  products 
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to  the  railway  station  or  the  wharf  for  shipment,  and  for  conveying 
refuse  away  from  the  factory.  In  this  connection  we  might  mention 
the  conveying  of  ashes  or  slag  to  the  dump  heap. 

Telpherage  may  also  be  extensively  used  for  handling  coal.  It 
serves  to  reduce  greatly  the  cost  of  transportation  on  plantations  and 
farms  and  may  be  economically  used  for  handling  coffee,  sugar  cane, 
tobacco,  fruits,  and  hay  and  other  like  products. 

In  general,  it  may  be  said  that  wherever  material  is  to  be  carried  to 
a  distance  there  is  no  power  so  flexible,  so  economical  in  first  cost  of 
installation,  costing  so  little  for  power  or  the  expense  of  maintenance, 
and  with  such  great  capacit}^  as  telpherage.  It  ma}^,  therefore,  be 
designated  a  material  transportation  by  an  immaterial  fluid,  and  may 
well  be  called  one  of  the  most  important  of  the  many  adaptations  of 
electricity. 

If  time,  floor  space,  or  labor  is  being  consumed  in  the  conveying  of 


Fio.  10.-- Excavating  and  levelinK  in  preparing  roadbeds  for  railroads.  The  function  of  the  telpher  is 
to  transport  the  hoist,  bucket,  and  load.  The  hoist  does  the  excavating  an(i  elevating.  The  hoist 
automatically  brakes  itself  either  upon  the  girder  rail  or  grips  the  cable  as  soon  as  there  is  au^r 
longitudinal  strain.    Used  also  for  scooping  and  transporting  earth,  sand,  ashes,  or  coal. 

• 

any  kind  of  material  in  any  plant,  plantation,  or  mine,  each  can  be 
saved  by  the  installation  of  telpherage.'  Any  condition  at  any  manu- 
facturing establishment  which  presents  a  requirement  for  hauling  by 
man  or  team,  whether  in  transmission  of  product  during  the  various 
stages  of  manufacture,  the  movement  of  materials  by  'which  the  prod- 
uct is  to  l>e  treated,  or  the  handling  of  fuel  and  ashes  or  other  waste, 
is  a  logical  opening  for  the  installation  of  telpherage. 

When  you  install  telpherage  you  employ  a  machine  to  do  the  work 
of  men.  Machinery  is  the  most  powerful  factor  for  economy  in  pix)- 
duction.  Telpherage  is  almost  human  in  its  operation,  works  any 
number  of  hours  per  day,  and  never  tires.  In  many  cases  you  start 
the  telpher,  it  conveys,  automatically  leaves  its  load  at  the  destina- 
tion, and  returns  for  another  load.  Telpherage  conveys  50  pounds  or 
50,000  pounds,  solids  or  liquids. 
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Fw.  1.— Coal  from  Car  o 


■.  2.— Cabbying  Coal  fbom  Stohaoe  Sheds  to  Gas  Works. 


StTOlMori..Fi  B.iwl,  1903.— Carti. 


F  SUGAB  FROM  THE  S'OE  OF  VESSEL  TO  WAREHOUSES. 


'9 


—Telpher,  Traileb,  Euecthic  Hoist,  with  PlatFohm  Cabbiei 


THE  EVOLUTION  OF  PETROLOGICAL  IDEAS.« 


By  J.  J.  Harris  Teall,  Esq.,  M.  A.,  V.P.  R.  S. 


INTRODUCTION. 


The  nineteenth  century,  whose  obsequies  we  have  so  recently  cele- 
brated, was  born  in  what  has  been  aptly  termed  by  Professor  Zittel, 
our  latest  historian ,  the  heroic  age  of  geology.  Geological  societies  and 
geological  surveys  did  not  then  exist.  Cooperativ^e  work  was  unknown; 
but  a  few  individuals,  of  great  power  and  originality,  were  laying  the 
foundations  of  our  science  on  a  firm  basis  of  accurate  observation 
Pallas  had  recently  carried  out  his  remarkable  researches  in  eastern 
Russia,  and  had  noted  the  extraordinary  abundance  of  the  remains  of 
the  mammoth,  rhinoceros,  and  bison  in  the  superficial  deposits  of  the 
Siberian  plains.  De  Saussure  had  climbed  Mont  Blanc,  and  published 
his  unrivaled  descriptions  of  Alpine  scenery  and  Alpine  structure. 
Werner  was  still  acting  as  an  exponent  of  the  science  which  he  had 
done  so  much  to  foster,  and  had  fired  his  two  most  illustrious  pupils, 
L.  von  Buch  and  Humboldt,  with  that  enthusiasm  for  natural  knowl- 
edge which  was  destined  to  produce  such  glorious  results.  Hutton  had 
just  passed  away,  after  giving  to  the  world  his  Theory  of  the  Earth, 
the  main  features  of  which  form  the  basis  of  modern  geology.  Smith 
and  Cuvier,  both  born  in  the  same  year  (1769),  were  in  the  prime  of 
life,  and  active!}'  engaged  in  those  researches  which  placed  stratigraph- 
ical  geology  on  a  secure  foundation.  These  are  some  of  the  heroes  of 
our  science. 

The  early  history  of  geology  is  mainly  a  record  of  fantastic  specu- 
lations; but  in  the  heroic  age  it  was  beginning  to  be  recognized  that 
no  solid  advance  could  be  made  except  on  a  basis  of  carefully'  observed 
fact.  A  reaction  against  the  wild  speculations  of  the  seventeenth  and 
the  greater  portion  of  the  eighteenth  centuries  had  set  in,  and  this  led, 
among  other  things,  to  the  foundation  of  our  society' — the  parenjt  of  all 
such  societies — in  1807. 


«  Reprinted  by  permission  of  the  author  and  of  the  society  from  Proceedings  of  the 
Geological  Society,  London,  vol.  lvii,  pp.  Ixii-lxxxvi,  May,  1901.  Anniversary 
address  of  the  president  of  the  society. 
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That  it  was  necessary  to  put  a  curb  on  the  unbridled  license  of 
geological  speculation,  and  to  emphasize  the  importance  of  diligence 
and  accuracy  in  the  observation  of  facts,  will  be  admitted  by  all  students 
of  the  history  of  our  science;  but  it  is  well  to  remember  that  there  is 
a  scientific,  as  well  as  an  unscientific,  use  of  the  imagination.  The  chief 
glory  of  science  is,  not  that  it  produces  an  amelioration  of  the  condi- 
tions under  which  we  live,  but  that  it  continually  enlarges  our  view, 
introduces  new  ideas,  new  ways  of  looking  at  things,  and  thus  con- 
tributes in  no  small  degree  to  the  intellectual  development  of  the 
human  race. 

It  is  now  generally  recognized  that  the  state  of  advancement  of  a 
science  must  be  measured,  not  bj'^  the  number  of  facts  collected,  but  by 
the  number  of  facts  coordinated.  The  old  Baconian  idea  that  it  was 
only  necessary  to  collect  facts  and  pigeonhole  them  according  to  rule, 
in  order  to  make  the  most  brilliant  discoveries,  has  been  somewhat 
discredited  by  the  history  of  scientific  progress.     Speaking  on  this 

m 

subject,  De  Morgan  says: 

'^Modern  discoveries  have  not  been  made  by  large  collections  of 
facts,  with  subsequent  discussion,  separation,  and  resulting  deduction 
of  a  truth  thus  rendered  perceptible.  A  few  facts  have  suggested  an 
hypothesis  which  means  a  supposition  proper  to  explain  tnem,  the 
necessary  results  of  this  supposition  are  worked  out,  and  then,  and  not 
till  then,  other  facts  are  examined,  to  see  if  these  ulterior  results  are 
found  in  Nature.  *  *  *  What  are  large  collections  of  facts  for? 
To  make  theories  from,  says  Bacon;  to  try  ready-made  theories  by, 
says  the  hivStory  of  discovery;  it's  all  the  same,  says  the  idolater;  non- 
sense, say  we." 

Hutton  appears  to  have  been  of  De  Morgan's  way  of  thinking.  He 
pondered  over  the  facts  that  he  had  observed  in  England,  France,  and 
Scotland,  and  fornuilated  his  thcor}'  of  the  earth.  He  then  went  again 
into  the  field  to  test  the  consequences  of  his  theory,  and  verified  them. 
He  never  seems  to  have  thought  it  worth  while  to  describe  isolated 
facts,  or  the  structure  of  particular  districts,  except  in  so  far  as  they 
illustmted  his  theory,  although  no  one  was  ])etter  qualified  to  do  this, 
as  all  readers  of  his  description  of  the  unconformity  at  Siccar  Point, 
of  the  granite  veins  in  Glen  Tilt,  or  of  the  geological  features  of 
Arran  will  readily  admit.  His  joy  at  the  discovery  of  the  granite 
veins  in  Glen  Tilt  can  be  easily  understood.  His  theory  required  that 
they  should  exist,  and  they  were  found,  not  by  chance,  but  because 
they  were  looked  for.  And  we  may  be  sure  that  the  joy  did  not  arise 
from  gratified  vanity,  for,  as  Pla>  fair  says,  he  was  one  of  thosc^  who 
took  more  delight  in  the  contemplation  of  truth  than  in  the  praise  of 
having  discovered  it. 

In  thus  chilling  attention  to  the  importance  of  ideas  in  scientific 
research,  I  trust  it  will  not  be  thought  that  I  am  advocating  a  return 
to  the  condition  of  things  which  prevailed  in  the  early  days  of  geolog- 
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ical  history.  Armchair  philosophizing,  apart  irom  actual  work  in  the 
field,  the  laboratory,  and  the  museum,  is  by  no  means  to  be  com- 
mended. But  the  worship  of  fact,  as  fact,  may  easily  be  overdone. 
The  number  of  discoverable  facts  is  practically  infinite,  and  it  is  there- 
fore possible  to  get  into  such  a  condition  as  not  to  be  able  to  see  the 
wood  for  the  trees,  to  lose^e  due  sense  of  proportion,  and  to  become 
mere  machines  for  tabulating  interminable  trivialities. 

On  the  other  hand,  it  should  be  remembered  that  every  worker 
endowed  with  imagination  must  fonimlate,  in  his  own  mind,  many 
theories  that  will  not  stand  the  test  of  verification,  and  that  it  is  quite 
unnecessary  for  him  to  trouble  other  workers  with  such  theories.  He 
can  test  them  for  himself,  and  relegate  them  to  oblivion  if  necessary, 
without  burdening  our  overcrowded  bookshelves  with  crude  specula- 
tions and  unveritiedr  hypotheses. 

It  is  only  when  a  theory  has  proved  its  usefulness  as  a  coordinator 
of  fact  that  it  becomes  worthy  of  the  dignity  of  publication.  It  may 
be  true  or  false,  most  likely  the  latter;  but  if  it  coordinates  more  facts 
than  an}"  other  it  is  at  any  rate  useful  and  may  be  conveniently  retained 
until  replaced  b}'  a  better.  Controversy  as  to  the  truth  or  falsity  of 
a  theory  often  seems  to  me  beside  the  mark,  for  if  a  given  theory  coor- 
dinates more  facts  than  any  other  it  is  at  least  worthy  of  respect,  and 
uiay  be  tentatively  held  as  a  working  hypothesis,  along  with  the  con- 
viction that  it  is  not  true,  or  only  partially  true.  Indeed,  the  contro- 
versial spirit  is,  in  my  judgment,  inimical  to  the  best  interests  of 
science.  It  makes  a  man  more  eager  to  refute  than  to  understand  the 
views  of  his  opponents;  it  tends  to  check  the  flow  of  sympathy,  and 
thus  often  prevents  that  friendly  cooperation  which  is  so  desirable  in 
the  interest  of  scientific  progress.  When  controversy  becomes  acute, 
I  always  feel  inclined  to  exclaim  ''a  plague  on  both  your  houses." 

Every  branch  of  our  many-sided  science  has  benefited  by  the  zeal 
for  collecting  facts  which  manifested  itself  during  the  early  years  of 
the  nineteenth  century.  Methods  of  obsei'vation  have  been  perfected, 
national  surveys  and  private  individuals  have  examined  and  are  exam- 
ining the  geological  structure  of  every  civilized  State,  and  explorers 
have  penetrated  to  almost  every  quarter  of  the  globe.  Our  libraries 
and  museums  are  being  rapidly  filled  with  records  of  all  this  scientific 
activity.  Side  by  side  with  the  registration  and  cataloguing  of  facts 
there  has  taken  place  an  evolution  of  scientific  ideas,  and  it  is  on  this 
aspect  of  the  subject,  so  far  as  my  own  special  branch  is  concerned, 
that  1  propose  to  offer  a  few  remarks. 

Kocks  may  be  studied  from  two  more  or  less  distinct  points  of  view, 
the  descriptive  and  the  aetiological.  But  it  is  well  to  note  that  the 
distinctness  of  these  two  points  of  view  is  but  the  expression  of  our 
ignorance  as  to  the  genetic  relationships  of  the  different  types.     Facts 
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as  to  composition,  structure^  and  the  like,  accumulate  faster  than 
they  can  be  interpreted;  and  our  classifications  are  therefore  neces- 
sarily more  or  less  artificial.  But  there  is  that  within  us  which  compels 
us  to  bring  our  classifications  into  accord  with  our  views  as  to  genesis. 
Phylogeny  must  in  the  end  control  classification  both  in  the  organic 
and  inorganic  worlds.  As  soon  as  we  realize  that  any  scheme  of  classi- 
fication places  together  objects  which  have  no  genetic  relationship,  or 
groups  them  irrespective  of  such  relationship,  we  become  dissatisfied 
with  it.  The  old  classifications  need  not  be  thrown  over  the  moment 
that  their  imperfections  are  glimpsed;  but  in  the  end  they  have  to  be 
discarded,  and  the  new  ideas  find  expression  in  a  new  classification. 
Thus 

Thro'  the  ages  one  increasing  purpoee  runs, 
And  the  thoughts  of  men  are  wulene<l  with  the  process  of  the  suns. 

How  far  Uutton  was  in  advance  of  his  time  on  matters  relating  to 
petrogenesis  is  illustrated  by  the  fact  that  more  than  half  a  century 
elapsed  before  his  ideas  found  expression  in  systematic  treatises.  Yet 
the  separation  of  rocks  into  igneous,  sedimentary',  and  metamor)>hic, 
and  the  further  subdivision  of  the  igneous  rocks  into  plutonic  and  vol- 
canic, follow  natui'ally  and  logically  from  his  fundamental  conceptions. 

The  reason  for  the  tardy  recognition  of  what  is  now  generally 
admitted  to  be  the  true  basis  of  classification  is  not  far  to  seek 
Hutton  was  no  systematist.  Werner,  on  the  other  hand,  was  not  only 
a  keen  observer,  but  he  possessed  in  quite  an  exceptional  degriee  the 
power  of  describing  what  he  obsei'ved  in  precise  and  definite  terms 
and  of  grouping  his  facts  according  to  their  supposed  relationship. 
He  was,  in  short,  a  born  systematist,  and  this,  combined  with  his  elo- 
quence and  enthusiasm,  gave  him  a  commanding  influence.  In  looking 
back  at  these  two  striking  figures  of  the  heroic  age,  Werner  and 
Hutton,  it  is  almost  impossible  to  avoid  a  feeling  of  regret  that  the 
one  did  not  possess  what  the  other  lacked.  But  such  regrets  are  use- 
less.    Let  us  honor  them  both. 

The  authors  of  systematic  treatises  on  rocks  published  during  the 
first  half  of  the  century  were  all  under  the  spell  of  Werner,  and  they 
were  still  further  hampered  by  their  ignorance  of  the  composition  of 
those  rocks  which  are  of  so  fine  a  grain  that  their  constituents  can  not 
be  determined  with  the  naked  eye  or  with  the  aid  of  a  simple  magni- 
fying lens.  The  treatises  of  Hauy ,  Brongniart,  and  Leonhardt  clearly 
recognized  the  great  natural  group  of  fragmental  rocks;  but  the  true 
limits  of  the  other  equally  natural  groups  were,  so  far  as  general 
treatises  are  concerned,  brought  into  prominence  for  the  first  time  in 
the  work  by  Yon  Cotta,  the  English  translation  of  which  appeared  in 
1866. 
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PROGRESS  DURING  THE   FIRST  HALF   OF  THE  CENTURY. 

Igneous  rocks  played  but  a  small  part  in  the  Wernerian  system. 
They  were  regarded  as  stratified  rocks  melted  by  heat,  due  to  the 
burning  of  coal  beneath  volcanic  districts.  We  now  recognize  that 
they  are  of  great  importance,  and  probably  represent  the  original 
source  of  all  the  other  rocks.  The  clearing  up  of  our  ideas  as  to  their 
nature  and  mode  of  origin  centers  round  two  controversies — one  as  to 
the  origin  of  basalt,  the  other  as  to  the  origin  of  granite. 

It  is  difficult  for  us  to  realize  the  condition  of  things  which  prevailed 
during  the  early  years  of  the  century,  when  the  martial  spirit  of  the  age 
seems  to  have  affected  the  scientific  world  and  a  furious  controversy 
Imaged  between  the  Neptunists  and  the  Vulcanists  as  to  the  origin  of 
basalt.  We  look  with  a  feeling  of  astonishment  at  the  controver- 
sialists, condemn  their  methods,  and  admire  the  calm  figure  of  the  old 
man  Desmarest  as  he  sits  there  refusing  to  be  dragged  into  the  con- 
troversy, and  quietly  replies  to  his  challengers,  ''Go  and  see."  Now 
and  again,  in  looking  through  some  neglected  cabinets  of  our  nmseums, 
we  come  across  dust-covered  specimens  labeled  ''Ammonites  in  basalt 
from  Portrush,"  and  are  thus  forcibly  reminded  of  those  stirring  times. 

The  controversy  as  to  the  origin  of  granite  lasted  longer,  and  during 
ibi  later  stages,  at  any  rate,  was  conducted  with  dignity  and  a  due 
regard  to  the  amenities  of  scientific  discussion.  It  resulted,  moreover, 
in  a  very  decided  enlargement  of  our  conceptions  as  to  subterranean 
phenomena.  The  Wernerian  view  that  granite  was  a  precipitate  from 
a  primordial  ocean  was  compelled  to  give  way  as  soon  as  the  tectonic 
relations  of  granitic  mavsses,  so  well  described  by  Hutton,  Playfair, 
and  Sir  James  Hall,  were  clearly  realized.  The  phenomena  of  granite 
veins,  the  occurrence  of  inclusions  of  the  surrounding  rocks,  and  the 
sharpness  of  the  junctions  between  granite  and  the  strata  with  which 
it  is  in  contact  prove  beyond  all  doubt  that  the  material  of  which 
many  granite  masses  are  composed  must  have  been  intruded  from 
below  in  a  plastic  state.  Toward  the  middle  of  the  century  these  facts 
were  generally  recognized  for  all  those  masses  which  occur  outside 
areas  of  crystalline  schist.  But  their  recognition,  although  conclusive 
as  against  the  view  that  granite  was  everywhere  a  primordial  sediment, 
by  no  means  involved  the  necessity  of  accepting  the  Huttonian  theory 
that  it  resulted  from  the  consolidation  of  a  mass  of  matter  in  a  state  of 
pure  igneous  fusion. 

The  earlier  phases  of  the  discussion  as  to  the  origin  of  granite  cen- 
tered mainly  round  the  tectonic  relations  of  the  rock  masses;  but  the 
later  phases  had  reference  rather  to  the  composition  and  structure  of 
the  rock  itself.  The  papers  on  this  subject,  and  especially  the  discus- 
sion between  Scheerer  and  Durocher,  are  well  worthy  of  the  attention 
of  modern  petrologists. 
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Scheerer  maintained  that  the  purely  igneoun  origin  of  granite  was 
disproved  by  three  lines  of  argument.  Thus  he  contended  that  the 
ver\^  presence  of  quartz  was  opposed  to  the  theory,  for  this  mineral 
could  not  be  formed  by  igneous  fusion,  and  was  absent  from  lavas 
containing  an  excess  of  silica,  such  as  obsidian,  even  when  th^^e  lavas 
must  have  cooled  more  slowl}'  than  some  granite  veins. 

Again,  the  order  of  consolidation  of  the  minerals,  as  determined  by 
mutual  interference,  was  not  the  order  of  their  fusibilities.  Fournet 
had  endeavored  to  remove  this  objection  by  supposing  that  quartz,  like 
water  and  sulphur,  could  be  cooled  below  its  proper  melting  point. 
But  this  theory  of  the  surfusion  of  quartz  was  untenable,  because  the 
amount  of  overcooling  was  too  great  and  the  complete  rest  which  way 
necessary  could  not  be  postulated.  Scheerer  admitted  that  the  objec- 
tions to  Fournet's  theorv  were  rendered  less  forcible  bv  a  considei'a- 
tion  of  the  fact  pointed  out  l)y  Durocher,  that  the  magma  of  granite 
did  not  contiiin  the  material  of  the  sepamte  minerals  in  a  fused  state, 
but  consisted  of  a  homogeneous  liquid — a  solution  as  we  should  say — 
so  that  the  overcooling  did  not  affect  quartz  as  such.  This,  however, 
in  his  opinion,  did  not  justify  the  theory,  for,  to  use  a  free  translation 
of  his  own  words:  "'It  is  evident  that  the  point  of  solidification  of  the 
silicate  forming  the  magma  out  of  which  the  different  compounds  are 
separated  ought  to  approach  the  fusion  point  of  silica  as  the  quantity' 
of  bases  in  the  liquid  portion  decreases.'' 

According  to  Durocher's  view,  the  ultimate  base  of  granite  should 
consist,  not  of  quartz,  but  of  a  substance  like  petrosilex. 

A  third  line  of  argument,  founded  on  the  occurrence  in  some  gran- 
ites of  the  peculiar  pyrognomic  minerals,  such  as  gadolinite,  was  also 
brought  forward  by  Scheerer.  If  a  chip  of  isotropic  gadolinite  be 
heated  to  redness,  a  sudden  and  remarkable  change  takes  place.  It 
glows  brightly  for  a  few  moments,  and  after  cooling  is  found  to  have 
become  denser  and  strongly  biref  ringent.  Thus  gadolinite  occurs  in 
two  phases;  a  lighter  isotropic  phase  and  a  denser  birefringent  phase. 
The  change  from  the  foi'mer  to  the  latter  takes  place  at  a  red  heat, 
and  the  reaction  is  accompanied  b}'  a  considerable  loss  of  energy,  l)ut 
little  or  no  loss  of  material.  The  occurrence  of  this  mineral  in  some 
granites  proves,  therefore,  according  to  Si*heerer,  that  they  must  have 
consolidated  below  a  red  heat. 

These  three  lines  of  argument,  based  on  the  presence  of  quartz,  on 
the  mutual  relations  of  the  constituents,  and  on  the  presence  in  some 
granites  of  pyrognomic  minerals,  concur,  he  considers,  in  disproving 
the  theory  of  pure  igneous  fusion. 

Scheerer  then  propounds  his  own  theory  of  aqueo-igneous  fusion, 
basing  it  on  the  fact  that  some  of  the  granitic  minerals,  such  as  mica, 
contain  water.  The  presence  of  even  small  quantities  of  water  would, 
he  maintains,  lower  the  consolidation  point  considerably,  and  during 
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consolidation  the  water  would  concentrate .  in  the  mother  liquor,  and 
ultimatel3^  in  the  silica.  Final  consolidation  would  take  place  on  the 
escape  of  the  water.  Thus  the  paradoxical  order  of  crystallization 
would  l)e  explained,  and  the  granite  might  consolidate  at  atempemture 
which  would  admit  of  the  formation  of  the  pyrognomic  minerals. 

The  theory  of  Scheerer  was  opposed  by  Durocher,  and  the  contro- 
versy between  these  two  distinguished  men  extended  over  a  period  of 
three  or  four  3'ears.  Durocher  considered  that  a  close  examination 
of  the  structure  of  granite  does  not  bear  out  the  view  that  there  is  a 
well-defined  order  of  consolidation.  The  minerals  mutuallv  interfere 
one  with  the  other,  sometimes  one  and  sometimes  another  having  the 
advantage.  The  magma  appears  to  have  cooled  down  to  a  compara- 
tively low  temperature,  and  then  to  have  separated  into  definite  com- 
pounds which  did  not  solidify  instantaneously.  The  relative  perfec- 
tion of  form  would,  on  this  view,  be  largely  determined  by  the  relative 
power  of  crystallization  of  the  different  constituents.  In  this  respect 
quartz  is  at  a  disadvantage.  It  possesses,  moreover,  as  shown  by  M. 
Gaudin,  a  great  i*ange  of  viscosity,  and  when  fused  can  be  di-awn  into 
threads  like  glass  and  sealing  wax.  lie  agrees  with  Scheerer  in  reject- 
ing Fournet's  theory  of  surfusion,  and  considers  that  the  paradoxical 
order  of  consolidation  can  be  explained  l)}'^  taking  into  consideYation 
the  wide  range  of  viscosity  of  quartz  and  its  slight  tendency  to  ciys- 
tallize.  A  similar  view  has  recently  been  advocated  by  Professor  Joly. 
Durocher  replies  to  Scheerer  s  argument  derived  from  the  absence  of 
quartz  in  obsidians  by  pointing  to  its  presence  in  ti'achytes,  and 
attempts,  somewhat  unsuccessfully,  to  explain  away  the  presence  of 
the  pyrognomic  minei^als.  In  his  criticisms  of  Scheerer's  views  as  to 
the  amount  of  water  present  in  granite  he  is  often  effective,  for  he 
shows  that  sufficient  allowance  had  not  been  made  for  the  effects  of 
alteration. 

Scheerer's  view  became  the  popular  one,  and  is  now  generall}^  held. 
It  was  greatly  strengthened  by  Dr.  Sorby's  discovery  of  the  widespread 
distribution  of  liquid  cavities  containing  water  in  the  quartz  of  gran- 
ites, and  by  the  well-known  synthetic  experiments  of  Daubr^e  and 
others.  The  failure  of  all  attempts  to  produce  granite  is  also  still  felt 
to  be  a  strong  argument  against  the  theory  of  dry  fusion. 

Scheerer  concludes  the  discussion  with  some  observations  which  I 
can  not  refrain  from  quoting.     He  says: 

''To  avoid  misunderstanding,  1  desire  to  make  some  remarks  on  the 
value  which  I  attach  not  only  to  my  theor}'^  of  the  origin  of  granite, 
but  also  to  geological  theories  in  general.  I  am  far  from  believing 
that  the  igneous  theory,  which  M.  Durocher  defends  with  so  much 
vigor,  is  finall}'^  disposed  of,  or  that  my  theory  is  completely  satisfac- 
tory. Such  definite  conclusions  can  not  be  reached  in  the  present  state 
of  our  science.  More  than  one  point  of  view  is  possible  on  almost 
every  subject  of  this  kind,  and  thus  it  must  ever  be,  for  mathematical 
certainty  is  unattainable. 
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"A  short  time  ago  it  seemed  as  if  the  Neptunean  theories  had  com- 
pletely abandoned  the  field  *  in  favor  of  those  volcanic  theories  which 
appeared  so  absurd  to  our  ancestors.  Now  the  Neptunean  theories  are 
beginning  to  show  signs  of  life.  I  have  endeavored  to  conciliate  the 
two  sister  enemies  by  suggesting  that  water  may  play  an  important 

Eart  in  the  formation  of  fused  rocks.  *  *  *  1  do  not  pretend, 
owever,  that  my  theor}'  is  unassailable,  or  that  it  has  been  absolutely 
demonstrated.  '^  *  *  In  my  opinion  a  geological  theory  should 
not  be  considered  as  absolute;  but  it  becomes  probable  when  a  consid- 
erablo  number  of  facts  group  themselves  around  it,  and  its  degree  of 
probability  can  be  measured  by  its  power  of  assimilating  the  new  facts 
Drought  to  light  by  the  progress  of  science." 

These  are  wise  words,  and  may  well  be  remembered  when  differ- 
ences  of  opinion  tend  to  become  sharpl}'^  accentuated.  The  path  of 
science  is  1  ittered  with  discarded  theories,  and  this  fact  should  serve  to 
remind  us  that  ^'we  are  none  of  us  infallible,  not  even  the  3'oungest.''' 

In  the  discussion  between  Scheerer  and  Durocher  attention  was 
direc^ted  to  the  mutual  relations  of  the  constituents  of  granite  and  to 
the  inferences  which  could  be  drawn  from  a  study  of  those  relations 
OS  to  the  order  of  consolidation  of  the  minerals. 

TIIK   CONSOIJOATION   OF   IGNEOUS    MAGMAS. 

At  the  time  when  the  discussion  took  place  this  kind  of  reasoning 
could  be  applied  only  to  coarse-grained  rocks,  Imt  with  the  advent  of 
the  microscope  it  became  possible  to  extend  it  to  the  important  group 
which  had  been  designated  in  the  earlier  classifications  as  ''apparently 
homogeneous  rocks."  In  the  early  part  of  the  century  Co rdier  had 
proved,  by  the  microscopic  examination  of  the  powder  of  basalt,  that 
this  r<^ck  was  heterogeneous;  but  it  was  not  till  the  examination  of 
thin  sections  had  been  introduced  that  the  mutual  relations  of  the  con- 
stituents of  the  finer-grained  ix)cks  could  be  studied.  In  those  rocks 
which  have  resulted  fix)ni  the  consolidation  of  homogeneous  silicate 
magnuis,  and  in  which  the  consolidation  has  been  unaccompanied  by 
the  phenomena  of  resorption  -that  is,  in  which  there  hju?  always  In^en 
equilibrium  between  the  constituents  during  the  proi»ess  of  consoli- 
dation— the  order  of  sepjimtion  can  l>e  infenxnl  from  the  microsc»opic 
structure. 

It  Imus  thus  l>cen  esbiblished  that  the  process  of  consolidation  can  not 
1)0  divided  intoa  numlH»rof  sharply  defined  period:?,  each  characterized 
by  the  sejxinition  of  some  one  mineral  only,  but  that  the  times  during 
which  the  different  minerals  aiv  st^j^mrating  out  overlap  to  some  extent. 
The  amount  of  overlajiping  varies  in  different  cases,  and  in  one  and 
the  same  miignia  is  most  inarktHl  in  plutonic  masses;  whence  we  con- 
clude that  it  is  largely  determined  by  physical  conditions,  and  espet*ially 
pressun\ 

The  order  of  consolidation  as  determined  bv  an  examination  of  the 
nuitual  relations  of  minerals  is,  therefore,  the  order  in  which  thev  com- 
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mence  to  form,  and  this  order  may  or  may  not  agree  with  that  in  which 
they  cease  to  form.  The  laws  which  express  the  order  of  formation 
of  minerals  and  the  chemical  and  physical  conditions  which  control 
that  order  have  not  as  yet  been  definitely  established. 

One  of  the  most  important  papers  on  theoretical  petrology  is  un- 
doubtedly that  by  Professor  Rosenbusch  on  the  significance  of  the 
granular  and  porphyritic  structures  in  massive  rocks.  The  importance 
of  this  paper  must  not  be  judged  simply  by  the  amount  of  truth  in  the 
principles  enunciated,  but  rather  by  the  stimulus  which  it  gave  to 
theoretical  considerations  and  to  researches  directed  toward  a  partic- 
ular end.  The  constituents  of  massive  rocks  are  divided  by  Professor 
Rosenbusch  into  four  groups: 

1.  The  ores  and  accessory  constituents  (magnetite,  hsematite,  ilmenite,  apa- 

tite, zircon,  spinel,  and  titanite) . 

2.  The  ferromagnesian   constituents   (biotite,  hornblende,   pyroxene,  and 

olivine). 

3.  The  felspathic  constituents  (felspar,  nepheline.  Incite,  melilite,  sodalite, 

and  hauyne). 

4.  Free  silica. 

Professor  Rosenbusch  pointed  out  that  members  of  the  first  group 
precede  those  of  the  other  groups;  that  in  gmnites  and  syenites  the 
members  of  the  second  group  precede  those  of  the  third;  but  that  in 
the  diabases  and  gabbros  the  order  is  inverted,  and  that  in  both  groups 
silica  is  the  last.  The  general  conclusion  is  reached  that  ''the  order 
of  consolidation  of  the  silicates  and,  consequently,  their  crystallo- 
graphic  development  (idiomorphism),  corresponds  to  a  law  of  decreas- 
ing basicity;  the  ores  and  accessory  minerals  are  the  earliest,  and 
quartz  is  the  latest,  product  of  the  rock-fonning  process." 

This  empirical  law  expresses,  in  a  broad  and  genei^al  way,  the  main 
facts  observed  with  regard  to  the  sequence  of  minerals  in  the  large 
and  important  group  of  intermediate  rocks,  but  it  breaks  down  when 
applied  to  the  most  acid  and  the  most  basic  rocks;  quartz  is  often 
formed  before  felspar  in  the  former,  and  iron  ores  are  not  infrequently 
formed  after  felspar  in  the  latter. 

The  views  that  we  hold  regarding  the  laws  which  express  the  order 
of  consolidation  in  igneous  magmas  will  necessarily  be  colored  bj'  our 
conceptions  as  to  the  nature  of  these  magmas.  A  great  advance  in 
the  evolution  of  ideas  on  this  subject  is  marked  by  a  short  letter, 
written  by  Bunsen  to  Streng,  and  published  in  the  Journal  of  the 
Geiman  Geological  Society  for  1861.  In  this  letter  Bunsen  points  out 
that  the  arguments  against  the  igneous  origin  of  granite,  so  far  as  they 
rest  u|X)n  the  so-called  anomalous  order  of  consolidation  of  the  miner- 
als, are  based  on  a  misconception  of  the  nature  of  the  process  of  con- 
.solidation.     He  says. 

"The  temperature  at  which  a  substance  consolidates  from  a  state  of 
fusion  is  never  that  at  wtiich  it  separates  from  a  solution  in  another 
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subatanee.  The  temperature  at  which  a  definite  substAnee  cr3\stallizes 
from  its  own  liquid  depends  onl}'  on  the  substance  and  on  the  pressure 
to  which  it  is  subjected;  whereas  the  temperature  at  which  tlie  same 
substance  separates  from  its  sohition  in  another  substance  depends 
principally  on  the  relative  proportions  of  the  two  substances.  No 
chemist  will  fall  into  the  error  of  assuming  that  a  solution  ceases  to  be 
a  solution  at  200°,  300*^,  400°,  500°,  or  even  when  heated  to  a  tempera- 
ture at  which  it  becomes  self-luminous;  or  will  suppose  that  a  crystal- 
line aggregate  of  ice  and  calcium  chloride  which  nas  become  fluid  is  a 
solution,  but  that  a  mixture  of  quartz  and  felspar  which  has  been  fused 
is  not." 

lie  then  proceeds  to  point  out  that  the  laws  which  govern  the  solidi- 
fication of  aqueous  solutions  must  hold  good  also  for  igneous  solutions; 
that  by  the  addition  of  a  certain  amount  of  calcium  chloride  to  water 
the  teniperature  may  be  lowered  to  —10°  C.  without  the  sepaitition  of 
any  solid  substance;  that  by  the  addition  of  further  amounts  the  tem- 
pei'ature  of  consolidation  of  water  may  be  lowered  as  much  as  59^  and 
that  of  calcium  chloride  100°.  Other  salts,  such  as  the  sulphates  and 
nitrates  of  potassium,  may  be  made  to  separate  from  aqueous  solutions 
at  temperatures  from  000°  to  800°  below  their  freezing  points;  more- 
over, the  order  of  consolidation  is  determined  by  the  relative  amounts 
of  the  two  substances  present;  thus  water  may  l>e  made  to  consolidate 
before  or  after  a  dissolved  salt  b}'^  varying  the  (concentration  of  the 
solution. 

J  have  given  a  somewhat  full  abstmct  of  this  important  letter 
because  1  believe  that  the  expansion  of  the  idea  which  it  contains  will 
be  the  characteristic  feature  of  the  next  great  advance  in  petrologieal 
science,  an  advance  which  will  come  about,  not  so  much  ])y  adding  to 
our  already  large  store  of  facts  as  by  dint  of  experiment  controlled 
by  the  modern  theory  of  solution,  and  carried  out  for  the  express 
purpose  of  testing  the  consequences  of  that  theory  and  discovering  the 
modifications  which  may  be  necessary  to  adapt  it  to  igneous  magmas. 

Almost  all  recent  writers  on  theoretical  questions  relating  to  the 
igneous  rocks  have  accepted  the  solution  theory,  and  the  condition  of 
formation  of  minerals  has  been  discussed  from  this  point  of  view. 
Crystals  tend  to  form  in  a  homogeneous  liquid  mass  when  the  liquid 
becomes  supersaturated  with  any  definite  compound.  As  soon  as  cr3's- 
tals  are  developed  the  liquid  in  their  immediate  neighborhood  ceases 
to  be  supersaturated,  and  there  is  thus  established  an  osmotic  force 
producing  molecular  flow  from  the  supersaturated  portions  toward  the 
growing  crystals. 

From  a  consideration  of  the  work  of  Pelouze  on  glasses,  combined 
with  bis  own  work  on  igneous  rocks,  Lagorio  arrived  at  the  conclusion 
that  the  ordinary  rock  forming  compounds  tend  to  separate  out  in  the 
following  order:  Oxides,  pure  iron  silicates,  magnesian  and  ferro-mag- 
nesian  silicates  (olivine  and  rhombic  pyroxenes),  calc  magnesian  sili- 
cates (monoclinic  pyroxenes  and  hornblende),  silicates  of  magnesium 
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the  applinition  of  the  terms  inelanocratic  and  leucocratid  to  these  two 
ati'ongly  i-oiiti'ast«(l  varieties. 

The  resiiltw  already  obtained  leave  no  doubt  that  a  properly  direeted 
seripfi  of  experiments  will  throw  great  light  on  the  laws  which  control 
the  formation  of  minerals  during  the  consolidation  of  igneous  rocks. 
The  classic  researches  of  Professor  Fouqu^  and  M.  Michel  L^vy  on 
the  synthesis  of  such  rocks  as  basalt,  andesite,  and  nephelinite  by  pure 
igneous  fusion  show  that  we  can  control  the  necessary  physical  con- 
ditions, and  that  the  whole  subject,  so  far  at  least  as  these  rocks  are 
concerned,  lies  within  the  range  of  experiment. 

The  work  of  Morozewicz,  to  which  I  have  directed  attention  in 
another  place,  may  be  mentioned  as  proving  that  a  rich  harvest  of 
results  may  he  confidently  anticipated  from  experimental  work  in  this 
direction. 

To  return  to  the  question  of  the  order  of  con.solidation  of  minerals 
in  igneous  iwks.  If  the  solution  theory  be  true,  no  order  based  solely 
on  a  consideration  of  the  properties  of  the  minerals  can  hold  good  in 
all  <^aaes.  In  the  case  of  aqueous  sohitions  of  two  substances  the  order 
of  separation,  as  pointed  out  by  Bunsen,  depends  on  the  relative  pro- 
portions of  these  two  substances.  This  subject,  so  far  as  alloys,  fu.sed 
salts,  and  aqueous  solutions  are  concerned,  was  investigated  with  gi-c»t 
skill  by  Pi-ofessor  Guthrie,  the  importance  of  whase  work  on  alloys 
has  been  bi-ought  into  prominence  of  late  by  the  reseat-ches  of  Roberts- 
Austen.  Le  Chatelier,  Osmund,  J.  E.  Stead,  Heycock  and  Neville, 
Alder  \V  right,  and  others. 

It  is  too  early  yet  to  discuss  the  full  bearing  of  this  recent  work  on 
peti'ographical  questions,  but  it  is  impossible  to  examine  the  beautiful 
photographs  which  illustrate  the  structure  of  alloys — such,  for  example, 
as  those  accompanying  the  fifth  report  of  the  alloys'  research  commit- 
tee," or  those  illustrating  Stead's  paper  on  iron  and  phosphorus,*  or 
Heycock  and  Neville's  paper  on  gold-aluminium  alloys,*^  without  l»eing 
struck  by  the  resemblance  < 
with  in  rocks. 

Some  years  ago  I  directe 
Guthrie's  work  on  cr^'ohyd 
tions.  and  the  experience  si 
in  the  views  which  I  then 
chemically  upon  eai^h  other 
a  marked  tendency  to  form 
pegmatitic.  intergrowths. 
true  of  alloys.  Thanks  to 
to  give  two  figures,  drawi 

"  Fiflli  Beiwrt  l.y  .''ir  William 
*Jiinm.  Inm  and  (^twl  Inrt.,  ' 
<Phil.  Tnuis.  Kov.  S.ic.,  vul.  i 
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fact,  and  side  hy  side  with  these  are  placed  figures  of  mivropeginatitic 
and  sphenilitic  strueturea  copied  from  I'rofessor  Iddings's  mpnioir  on 
tho  rocks  of  Obsidian  Cliff.     (Figs,  l-t.) 

In  the  ca^e  of  the  alloys  the  spherulitic  striK^tures  lire  chai-act^^ristic 
of  rapid  cooling  and  the  micropegmatitic  structures  of  slow  cooling. 
Tlie  mode  of  occurrence  of  tlie  same  structures  in  rocks  is  strictly  in 
accordance  with  this  view.  A  comparison  of  the  structures  in  the 
two  cases  makes  it  almost  impossible  to  believe  that  the  resemblances 


and  3  ^  SpherulUlc  and  mlcmpcgnntlttc  BlruRtnrcH  In  obsldlaD.    (Art«r  Iititingi,  Vllth  A 


are  merely  accidental,  and,  if  not,  they  point  to  the  conclusion  that 
micro  pegmatite  is  an  eutectic  compound. 

From  this  point  of  view  it  Iwcomes  of  interest  to  determine  the 
melting  point  of  fused  micropegmatite.  This  was  kindly  done  for  me 
by  Professor  Joly  by  observation-s  with  the  meldonieter.  He  found 
that  fused  micropegmatite  melted  isomewhat  more  readily  tlian  ortho- 
clase,  but  less  readily  than  fused  orthoclase.  These  obser^'ations  do 
not  supix>rt  the  eutectic  hypothesis,  but  they  can  sc:arcely  be  said  to 

"  The  outlinefl  of  tliie  8|ilieniliti!  are  somewlist  too  ebarply  drawn. 
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negative  it,  a.s  the  conditions  of  the  experiment  are  certainl}^  veiy 
different  from  those  under  which  the  rocks  are  produced. 

Quartz  and  orthoclase  have  not  as  3'et  been  formed  by  pure  igneous 
fusion.  The  melting  point  at  atmospheric  pressure  of  a  mixture  of 
quartz  and  orthoclase  is  a})ove  that  of  basalt,  and  yet  we  know  from 
the  occurrence  of  angular  fragments  of  basalt  in  granophyre  that  the 
consolidating  point  of  the  mixture  under  certain  conditions  of  pressure 
is  below  that  of  the  fusing  point  of  l)asalt  under  the  same  conditions. 
If,  as  Professor  Loewinson-Lessing's  calculations  suggest,  the  forma- 
tion of  felspathic  minerals  is  accompanied  by  an  increase  in  volume, 
and  the  formation  of  f erro-magnesian  minerals  by  a  decrease  in  volume, 
pressure  will  lower  the  fusing  point  of  the  former  and  raise  that  of 
the  latter,  so  that  under  plutonic  conditions  the  relative  order  of  con- 
solidation of  acid  and  basic  magmas  may  be  the  reverse  of  that  under 
volcanic  conditions.  Magmas  usually  contain  water,  and  sometimes 
other  volatile  constituents  (such  as  chlorine,  boron,  fluorine,  etc.), 
whose  importance  in  determining  the  fluidity  and  the  molecular  group- 
ing of  the  constituents  has  been  generalh^  recognized  since  the  publi- 
cation of  the  classic  paper  "  Sur  les  Emanations  Volcaniques  et  Metal- 
Hferes,"  by  Elie  de  Beaumont.  When  separated  from  the  magma 
these  constituents  exercise  most  important  metamorphosing  and  min- 
eralizing eflfects,  as  is  well  seen  in  the  phenomena  accompanying  the 
formation  of  tinstone  and  apatite  veins,  in  the  development  of  zeolites, 
and  in  the  production  of  large  masses  of  kaolin.  But  so  long  as  they 
remain  in  the  magma  they  must  be  regarded  as  belonging  to  it  and 
playing  their  part  along  with  the  other  constituents  in  producing  the 
final  result. 

The  application  of  the  theory  of  solutions  to  igneous  rocks  is  com- 
plicated in  many  ways.  We  are  ignorant  of  the  manner  in  which  the 
constituents  revealed  by  analysis  are  distributed  in  the  molten  magmas, 
and  of  the  changes  which  take  place  in  the  molecular  groupings  as  the 
temperature  approaches  the  point  of  saturation.  M.  Le  Chatelier  has 
recently  suggested  that  granite  furnishes  an  illustration  of  the  phase 
rule,  and  may  be  regarded  as  a  stable  system  of  three  phases  (quartz, 
feldspar,  and  mica),  made  up  of  the  three  components — silica,  alumina, 
and  potash.  Few  petrographers  will  admit  that  the  case  can  be  put 
as  simply  as  this.  No  doubt  the  consolidation  of  igneous  magmas  is 
governed  by  the  phase  rule,  but  in  the  majority  of  cases  the  number 
of  components,  on  any  view  as  to  their  nature,  is  too  gn»at  to  make 
the  rule  of  much  practical  value.  Another  cause  of  complication  arises 
from  the  fact  that  the  physical  conditions  have  often  changed  during 
the  process  of  consolidation,  thus  giving  rise  to  the  phenomena  of 
resorption;  and  yet  another  from  the  absence  of  assurance  that  the 
minerals  seen  in  a  rock  have  in  all  cases  !>een  developed  from  a  magmu 
having  the  '^ion  represented  by  the  l)ulk  analysis. 
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I  can  not  leave  this  portion  of  the  subject  without  calling  attention 
to  the  recent  work  of  Professor  Joly  on  the  melting  points  of  the 
rock-forming  minerals,  and  his  proof  of  the  enormous  range  of  viscosity 
possessed  by  quartz  and  other  minerals. 

Whatever  view  we  take  as  to  the  nature  of  silicate  magmas,  there 
can  be  no  doubt  that  in  general  the  process  of  consolidation  is  a  process 
of  differentiation.  Definite  compounds  separate  out,  either  succes- 
sively or  simultaneously,  from  a  homogeneous  magma,  and  at  the  time 
of  their  formation  are  in  equilibrium  with  the  surrounding  liquid; 
but  owing  to  changes  in  temperature  and  pressure  the  equilibrium 
established  at  one  period  may  be  destroyed  at  another,  and  the  igneous 
rock  as  we  see  it  may  not  contain  a  record  of  all  the  opemtions  which 
have  taken  place  during  the  process  of  consolidation.  So  far  as  indi- 
vidual rocks  are  concerned,  we 'look  to  experiment  rather  than  to 
observation  to  give  precision  and  definiteness  to  our  ideas  regarding 
the  nature  of  the  changes  which  accompany  solidification. 

THE   ORIGIN   OF   SPECIES. 

The  geologist,  however,  has  to  deal  not  only  with  igneous  rocks  as 
individuals,  but  as  groups,  to  consider  their  mutual  relations,  their 
geographical  distribution,  and  mode  of  origin.  But  to  give  anything 
like  a  full  account  of  the  growth  of  ideas  on  this  subject  would 
expand  this  address  to  an  inordinate  length,  and  would,  moreover,  be 
a  work  of  supererogation,  for  the  whole  question  has  been  admirably 
reviewed  by  Professor  Iddings  and  Professor  Lcewinson-Lessing. 

The  germs  of  all  the  theories  which  are  now  struggling  for  existence 
can  be  discovered  in  the  writings  of  our  predecessors.  Scrope  (1825) 
held  the  view  that  lavas  were  formed  from  previously  crystallized 
rocks,  such  as  granite,  and  maintained  that  in  the  process  of  eruption, 
or  intumescence,  as  he  termed  it,  a  kind  of  differentiation  might  take 
place,  giving  rise  to  trachyte  and  basalt.  Darwin  (18-14:),  in  his  impor- 
tant work  on  Volcanic  Islands,  also  discussed  the  origin  of  petrograph- 
ical  species.  He  directed  attention  to  two  causes  of  differentiation 
which  may  ultimately  prove  to  be  of  great  importance — (1)  the  move- 
ment of  crystals  in  a  magma  under  the  influence  of  gravity,  and  (2) 
the  squeezing  or  leaching  out  of  the  more  fusible  constituents  from  a 
partially  consolidated  or  partially  fused  mass.  The  first  of  these  he 
illustrated  by  the  well-known  Pattinson  process  for  desilverizing  lead, 
and  the  second  might  be  illustrated  by  another  metallurgical  process 
often  known  as  liquation  (but  quite  distinct  from  the  process  referred 
to  by  Durocher  under  the  same  name),  by  means  of  which  silv^er  is 
separated  from  blister  copper.  The  copper  is  fused  with  a  certain 
proportion  of  lead,  and  the  bars  are  maintained  at  a  temperature  above 
the  fusing  point  of  the  silver  lead  alloy  and  below  that  of  copper.  The 
silver  lead  alloy  is  thus  leached  out  of  the  copper,  which  remains  as  a 
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solid  porous  mass.  Such  a  separation  might  be  effected  in  the  case  of 
a  plutonic  mass,  if  a  partially  solidified  magma  were  subjected  to  pres- 
sure under  conditions  which  admitted  of  the  escape  of  the  still  liquid 
portions  into  the  surrounding  rocks.  As  a  matter  of  fact,  it  has  been 
so  applied  by  Mr.  Barrow,  who  thus  explains  the  relation  between 
pegmatites  and  certain  oligoclase-biotite-gneisses  in  the  southern  High- 
lands of  Scotland.  The  eurite  veins  in  gr^tnite  are  generalh'^  supposed 
to  owe  their  origin  to  a  somewhat  similar  action,  but  in  this  case  the 
separation  is  due  to  the  leaching  out  of  the  still  liquid  eutectic  into 
cracks  in  the  nearly  consolidated  mass,  and  not  to  orogenetic  move- 
ments. It  is  compai-able,  therefore,  to  the  liquation  process  above 
mentioned. 

Bunsen  explained  the  varieties  of  igneous  rock  revealed  by  his 
analvses  by  assuming  the  independent  existence  of  two  magmas — the 
"  normal  pyroxenic"'  and  '^  normal  trachytic" — -and  supposing  a  process 
of  intermixture  to  account  for  the  intermediate  varieties.  Von  Walter- 
shausen  thought  that  igneous  magmas  were  arranged  in  a  series  of 
concentric  shells,  according  to  specific  gi*avit3\  Durocher,  in  his  cel- 
ebrated essay  on  Comparative  Petrology,  maintained  ^Hhat  all  igneous 
rocks,  modern  and  ancient,  were  derived  from  two  magmas  which 
coexist  below  the  solid  crast  of  the  globe,  and  occupy  there  each  a 
definite  position."  His  two  magmas — basic  and  acid — do  not  differ 
materially  from  those  of  Bunsen,  and  his  idea  of  their  arrangement  in 
the  earth's  crust  is  practically  the  same  as  that  of  Von  Waltershausen. 
He  compared  the  two  magmas  to  baths  of  fused  metals,  which  sepai-ate 
into  distinct  alloys  on  cooling.  He  does  not  give  actual  illustrations, 
but  we  may  consider  one,  in  order  to  give  precision  to  the  idea.  A 
mixture  of  43.64  per  cent  of  bismuth  and  56.36  per  cent  of  zinc  sepa- 
rates at  a  temperature  between  700^  and  800"^  C.  into  two  alloys,  which 
arrange  themselves  according  to  specific  gravity.  On  cooling,  the 
heavier  is  found  to  contain  84.82  per  cent  of  bismuth  and  15.18  per 
cent  of  zinc;  the  lighter  2.47  per  cent  of  bismuth  and  97.53  per  cent  of 
zinc.  If  silver  be  added  to  the  mixture,  there  is  also  a  separation  into 
two  alloys,  so  long  as  the  amount  of  silver  is  less  than  about  40  per 
cent;  when  it  exceeds  this  amount,  there  is  no  longer  any  separation. 

Durocher  speaks  of  eruptions  which  derive  their  supply  from  the 
primary  magmas  as  belonging  to  the  first  order,  and  those  which  draw 
their  material  from  more  or  less  isolated  magma  basins  as  belonging 
to  the  second  order.  The  latter  furnish  rocks  which  depart  from  the 
normal  type,  and  this  he  explains,  in  part  at  least,  by  assuming  a 
process  of  separation  analogous  to  that  by  which  the  primary  magmas 
were  produced.     Thus  he  says: 

''It  is  therefore  probable  that  phonolitic and  trachytic  porphyry  ai'o 
only  the  two  opposite  products  of  a  liquation  which  took  place  in 
the  midst  of  the  fluid  mass;  they  are,  as  it  were,  the  two  inverse  alloy> 
into  which  we  so  often  see  a  metallic  bath  divide  itself." 
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The  type  of  magmatic  differentiation  conceived  by  Durocher  niay 
be  illustrated  by  a  very  simple  experiment.  Place  some  phenol  and 
water  in  a  Florence  flask;  two  immiscible  conjugate  solutions  will  be 
formed — a  solution  of  water  in  phenol  at  the  bottom  and  a  solution 
of  phenol  in  water  at  the  top.  Now  heat  the  mixture  to  69^  C. ,  and  a 
perfectly  homogeneous  solution  will  be  produced.  On  cooling,  this 
will  again  break  up  into  two.  Clouds  are  first  formed  in  the  cooler 
portions  of  the  liquid,  and  after  the  coalescence  of  the  minute  drops, 
gravity  is  able  to  effect  a  perfect  separation  of  the  two  solutions. 

Do  silicate  solutions  behave  in  the  same  way  ?  BackstrCm  has 
recently  argued  that  they  do;  but  until  the  fact  has  been  definitel}^ 
established  by  experiment,  there  will  always  remain  a  certain  element 
of  doubt.  The  sharp  separation  of  basalt  and  granophyre,  which 
is  so  striking  a  feature  of  the  Brito- Icelandic  province,  suggests 
that  the  two  magmas  represented  by  these  rocks  may  separate  in  the 
manner  just  described.  But  the  great  viscosity  of  fused  granophyre 
at  atmospheric  pressure  and  easily  accessible  temperatures  would 
probably  prevent  the  attainment  of  any  decisive  result. 

Clarence  King  maintained  that  local  lakes  of  fusion  were  formed 
by  relief  of  pressure,  and  that  differentiation  took  place  partly  by 
liquation  in  Durocher's  sense,  and  partly  by  the  rise  or  fall  of  crystals. 

The  physico-chemical  speculations,  which  played  so  important  a  part 
in  the  science  of  rocks  during  the  middle  of  the  century,  were  neglected 
for  a  time,  in  consequence  of  the  opening  up  of  a  new  field- of  observa- 
tion by  the  introduction  of  the  microscope;  but  of  late  years  we  have 
returned  to  these  speculations  with  renewed  vigor,  and  with  a  wealth 
of  facts  at  our  disposal  which  the  earlier  theorists  would  have  envied. 

The  mineralogical  composition  and  microscopic  structure  of  all 
kinds  of  igneous  rocks  have  been  determined,  reliable  chemical 
analyses  have  been  made,  and  the  problem  of  the  origin  of  petro- 
graphical  species  has  resolved  itself  into  the  question  of  the  evolution 
of  the  magmas.  Especially  noteworthy  is  the  stimulus  given  to  the 
chemical  side  of  petrology  by  the  magnificent  work  of  the  United 
States  Geological  Survey.  We  have  now  some  four  or  five  new  and 
original  classifications  of  igneous  rocks  largely  based  on  the  analyses 
of  Clarke,  Hillebrand,  and  their  assistants,  and  the  cry  is,  ''Still  they 
come!"  But  the  authors  of  these  analyses  have  hitherto  refrained— 
perhaps  wisely — from  attempting  any  general  classification  of  rocks 
from  a  chemical  point  of  view.  The  number  of  constituents  is  so 
large  that  there  is  no  reason,  so  far  as  I  can  see,  why  every  petrog- 
rapher  should  not  have  his  own  classification  and  his  own  method  of 
graphical  representation. 

The  idea  that  petrographical  species  have  originated  by  differentia- 
tion from  homogeneous  magmas,  and  possibly  in  the  first  instance 
from  some  one  primordial  magma,  has  been  greatly  developed  during 
the  last  decade  of  the  century,  espeoifilly  by  American  and  Norwegian 
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petrographers.     Thus  Professor  Iddings,  in  the  introduction  to  his 
important  memoir  on  the  Origin  of  Igneous  Rocks,  says: 

"The  object  of  the  present  paper  is  to  give  the  writer's  reasons  for 
concluding  that  all  or  the  volcanic  and  other  igneous  rocks  of  any 
region  are  so  intimately  connected  together  by  mineralogical  and 
chemical  relations  that  they  must  have  originated  from  some  single 
magma  whose  composition  may  be  different  m  different  regions;  and, 
further,  that  it  is  the  chemical  differentiation  of  this  primary  magma 
which  has  given  rise  to  the  various  kinds  of  igneous  rocks." 

The  fact  that  the  diverse  igneous  rocks  of  certain  districts  are  often 
bound  together  by  common  mineralogical  and  chemical  characters 
which  distinguish  them  from  the  corresponding  rocks  of  certain  other 
districts  was  clearly  recognized  by  Professor  Judd  in  his  well-known 
pajKjr  on  the  Volcano  of  Cheumitz,  and  subsequently  crystallized  by 
him  in  the  happy  expression  petrographical  province,  as  applied  to 
any  district  in  which  the  igneous  rocks  have  certain  common  chai'ac- 
teristics.  The  idea  has  been  still  further  extended  and  elaboi*ated  bv 
Professor  Iddings,  who  sees  in  the  common  characteristics  the  indica- 
tions of  a  kind  of  blood  relationship  or  consanguinit3^,  which  can  only 
be  explained  on  the  assumption  that  the  different  species  of  one  and 
the  same  province  have  originated  by  differentiation  from  a  single 
homogeneous  magma. 

Professor  BrOgger,  in  his  remarkable  series  of  studies  on  the  rocks 
of  the  Christiania  district,  has  still  further  generalized  this  idea,  and 
much  of  his  work  is  directed  toward  the  evolution  of  a  genealogical 
tree,  in  which  the  twigs  shall  correspond  to  the  final  products  of  dif- 
ferentiation, the  larger  branches  to  some  of  the  plutonic  masses,  and 
the  trunk  to  the  primordial  homogeneous  magma.  The  idea  is  a  fas- 
cinating one:  se  non  e  vero,  e  ben  trovato.  But  it  must  be  admitted 
that  wo  know  verv  little  about  the  causes  of  the  assumed  differentia- 
tion.  These  are  supposed  to  Ikj  of  two  types:  (1)  those  which  affect 
the  liquid  magmas,  and  (2)  those  connected  with  the  separation  of  the 
minerals.  Magmatic  differentiation  is  generally  regarded  as  the  most 
important,  but  it  is  the  type  of  which  we  know  least.  Soret's  princi- 
ple, to  which  I  have  appealed,  will,  I  fear,  help  us  very  little,  though 
it  is  undoubtedly  a  vera  causa.  Mr.  Ilarker  has  clearly  shown  that, 
•as  applied  to  a  mass  like  the  Carrock-Fell  gabbro,  it  breaks  down 
hopelessly  when  subjected  to  a  quantitative  test.  The  principle  of 
Gouy  and  Chaperon  is  even  more  unsatisfactory.  Durocher's  liqua- 
tion theory  is,  perhaps,  more  promising,  but  until  it  has  been  proved 
by  actual  experiment  that  there  is  a  real  analogy  between  baths  of 
fused  metals  and  silicate-magmas,  it  can  not  be  said  to  rest  upon  an 
assured  basis.  Faraday's  resea riches  on  lead  glass  certainly  suggest 
that  ffravitv  mav  act  differentially  on  the  constituents  of  silicate- 
magmas,  independently  of  the  principle  of  Gouy  and  Chaperon.  Thus 
be  found  that  glass  taken  from  the  top  of  pots  not  more  than  6  inches 
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deep  might  have  a  density  of  3.28  while  that  from  the  bottom  might 
have  a  density  of  3.85;  but  there  is  some  doubt  as  to  whether  the 
constituents  were  ever  uniformly  mixed  in  the  molten  state,  and  if 
not,  whether  sufficient  time  was  allowed  for  diffusion  to  establish 
homogeneity.  It  is  certain,  however,  that  they  were  uniformly  mixed 
in  the  solid  state,  and  the  experiments  are  therefore  of  great  interest; 
for,  if  they  do  not  prove  differentiation  in  a  molten  mass  they  prove 
that  a  uniform  solid  mass  may  become  differentiated  as  it  liquefies  by 
a  kind  of  liquation  process  analogous  to  that  which  takes  place  in  the 
extraction  of  silver  from  copper. 

Professor  Iddings  has  carefully  considered  the  chemical  composi- 
tions of  groups  of  rocks  belonging  to  several  different  petrographical 
provinces  from  the  point  of  view  of  the  differentiation  hypothesis, 
and  has  arrived  at  the  conclusion  that  ''the  simple  oxide  molecules 
shift  about  independently  of  one  another  to  a  great  extent."  If  this 
conclusion  be  correct,  it  is  clear  that  the  phenomena  can  not  be 
explained  by  the  hypothesis  of  a  differentiation  solely  connected  with 
the  formation  of  known  minerals.  But  this  view  does  not  appear  to 
be  accepted  by  Professor  Br5gger,  who  believes  "that  the  process  of 
differentiation  must  be  referred  to  magmatic  diffusion  of  definite 
chemical  compounds  to  and  from  the  cooling  surface;  further,  that 
these  diffusion  phenomena  in  all  probability  stand  in  direct  relation 
to  the  order  of  crystallization  of  minerals  in  the  corresponding  magma, 
and,  lastly,  that  the  order  of  crystallization,  the  nature  of  the  dif- 
ferentiation, and  the  sequence  of  eruptions  are  all  closely  related 
phenomena." 

Differentiation  dependent  upon  crystallization  rests  on  a  somewhat 
firmer  basis,  and  it  was  this  kind  of  differentiation  that  first  attracted 
my  attention.  Mr.  Clough,  while  mapping  the  Cheviot  district,  proved 
that  the  widcvspread  series  of  andesitic  lavas  is  cut  by  a  number  of 
quartz-felsite  dikes.  Why  did  quartz-felsite  succeed  andesite  in  the 
Cheviot  district?  This  was  the  question  which  kept  continually  recur- 
ring to  me  during  my  examination  of  the  rocks  of  the  district.  Now, 
a  microscopic  examination  of  the  andesites  proved  that  the  phenocrysts 
taken  together  must  have  the  composition  of  a  basic  rock,  for  they 
were  composed  of  labradorite,  augite,  and  hypersthene,  and  therefore 
the  glassy  base  present  in  some  of  the  andesites  must  be  allied  to 
quartz-felsite  in  composition.  The  sequence  established  by  Mr.  Clough 
could  therefore  be  explained  by  the  assumption  that  the  quartz-felsite 
magma  represented  the  mother  liquor  of  the  andesitic  magma,  after 
the  phenocrysts  had  separated  out.  Thus,  if  crystallization  had  pro- 
gressed in  the  plutonic  mass  to  the  stage  represented  by  the  pheno- 
crysts of  the  lava,  or  a  little  further,  and  the  mother  liquor  had  then 
l)een  squeezed  out  as  one  squeezes  water  out  of  a  sponge,  or  separated 
in  any  other  way,  and  forced  upward  into  cnicks  in  the  overlying 
series  of  andesitic  lava  flows,  the  question  above  referred  to  could  be 
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satisfactorily  answered.  I  was  fortunately  able  to  test  the  theory 
quantitatiyely,  for  Mr.  Waller  had  already  analyzed  one  of  the  quartz- 
felsites,  and  Dr.  Petersen  had  published  analyses  of  the  glassy  base  of 
one  of  the  andesites  and  of  the  devitrified  base  of  another.  On  com- 
paring the  mean  of  the  two  analyses  of  the  base  with  the  analysis  of  the 
quartz-felsite,  it  was  found  that  of  the  eight  constituents  six  differed 
by  less  than  0.4  per  cent,  silica  differed  by  2.2,  and  soda  by  1.46." 
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lII=Mean  of  the  two  analyses. 
IV=Quartz-fel8ite  from  dike  on  the  Coquet,  one-half  mile  above  Shillmore  farm.  Cheviots.    ( Waller. ) 

Differentiation  dependent  on  cr3'stallization  is  a  fact  which  can  not 
be  denied;  for  the  igneous  magma,  except  when  it  cools  as  a  glass, 
separates  into  distinct  minerals  which  do  not,  as  a  i*ule,  consolidate 
simultaneously.  But  the  acceptance  of  this  fact  does  not  involve  the 
acceptance  of  the  differentiation  theory  of  the  origin  of  petrographical 
species,  for,  as  M.  Michel  L^vy  points  out,  the  crystallization  of  a 
magma  under  ordinary  circumstances  does  not  commence  until  it  has 
reached  a  pasty  state.  MM.  Fouqud  and  L^vy  observed  no  tendency  to 
differentiation,  of  the  kind  required  to  produce  petrographical  species, 
in  their  celebrated  synthetical  experiments.  The  centei"s  of  crA'stalli- 
zation  were  uniformly  distributed  throughout  the  masses,  which  were 
too  viscous  to  allow  of  any  appreciable  movement  of  the  first-formtnl 
minerals.  Nevertheless,  the  facts  observed  by  Darwin  and  othei-s 
clearly  prove  that  in  large  masses  of  lava,  even  at  the  surface  of  the 
earth,  movement  of  crystals  is  possible  in  igneous  magmas,  and  M. 
Michel  L^vy  himself  admits  that  such  movement  may  become  an 
important  factor  under  certain  circumstances. 

Mr.  Harker  has  suggested  another  way  in  which  crystallization  ma)' 
operate  so  as  to  produce  variation  in  a  mass  of  rock.  He  has  shown 
that  the  Carrock-Fell  gabbro  varies  in  composition  from  the  center  to 
the  sides,  and  that,  as  so  frequently  happens  in  eruptive  masses,  the 
latter  are  more  basic  than  the  former.  He  considers  ^'that  the  differ- 
entiation took  place  by  diffusion  m  a  fluid  magma,  but  not  as  a  process 
distinct  from  and  quite  anterior  to  crystallization.  It  was,  as  I  l)eliove, 
effected  in  a  quasi-saturated  magma,  concurrently  with  the  crystalliza- 

o  As  the  figareM  wore  not  placed  side  by  side  in  the  original  paper  (Geol.  Mag.,  1885, 
p.  106),  1  p"  nlane  thein  now, 
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tion  of  the  earlier-formed  minerals;  *  *  *  the  characteristic  of 
all  [such  occurrences]  is  that  the  several  constituents  are  concentrated 
in  a  definite  order,  which  is  identical  with  the  order  in  which  they 
crystallize  out  from  the  magma." 

All  theories  which  depend  on  diffusion  or  molecular  flow  have  been 
criticized  by  Mr.  Becker  on  the  ground  that  the  rate  of  diffusion  is 
too  slow  to  produce  the  results  attributed  to  it  in  any  reasonable  time. 
He  shows  that,  in  the  case  of  a  column  of  water  resting  upon  a  layer 
of  copper  sulphate,  the  lapse  of  1,000,000  years  would  be  required  to 
produce  sensible  discoloration  at  a  height  of  350  meters,  or  semisat- 
uration  at  a  height  of  84  meters;  and  he  considers  that  the  molecular 
flow  of  any  compound  in  a  silicate  magma  would  probably  be  at  least 
fifty  times  less  rapid,  so  that  a  mass  of  lava  1  cubic  kilometer  in  vol- 
ume "would  not  have  had  time  to  segregate  into  distinctly  different 
rocks  by  molecular  flow  if  it  had  been  kept  melted  since  the  close  of 
the  Archaean  period."  1  am  by  no  means  averse  to  making  heavy  drafts 
on  the  bank  of  time  for  geological  purposes,  l)ut  unless  some  effective 
anjswer  to  Mr.  Becker's  arguments  can  be  found  I  think  that  we  shall 
have  to  give  up  unaided  molecular  flow  as  an  important  factor  in  the 
origin  of  petrographieal  species. 

Mr.  Becker  has  not,  however,  simply  confined  himself  to  destructive 
criticism.  He  has  proposed  a  theory  of  differentiation  dependent  on 
'^fractional  crystallization."  During  the  cooling  of  a  mass  of  molten 
matter  in  a  dike  or  laccolite,  convection  currents  will  be  established. 
These  will  act  as  stirrers,  and,  aided  by  diffusion,  will  tend  rapidly  to 
restore  homogeneity  in  the  liquid  mass  after  it  has  been  destroyed  by 
the  deposition  of  the  first-fonned  crystals  on  the  walls  of  the  cooling 
surfaces.  He  compares  a  laccolite,  in  which  the  marginal  parts  are 
different  from  the  center,  to  a  barrel  of  cider  which  has  been  frozen 
from  the  outside.  During  the  earlier  stages  nearly  pure  ice  is  formed 
on  the  walls,  while  the  alcohol  is  concentrated  in  the  centi'al  portion; 
from  this  a  liquor,  gradually  increasing  in  strength,  may  ])e  drawn  off 
as  consolidation  progresses.  Here  we  see  a  further  development  of 
the  idea  originated  by  Darwin. 

All  forms  of  the  differentiation  theory  take  as  their  starting  point  a 
homogeneous  magma,  and  then  proceed  to  derive  from  it  the  different 
varieties  of  igneous  rocks  as  we  now  see  them  by  magmatic  or  some 
other  form  of  differentiation.  Are  we  justified  in  taking  this  view ? 
As  applied  to  certain  districts,  and  especially  to  the  Christiania  dis- 
trict which  Professor  BrOgger  has  done  so  much  to  elucidate,  it  has 
proved  of  great  value.  But  if  we  look  at  the  general  question,  there 
are  many  facts  which  should  give  us  pause.  The  earth's  crust  is  cer- 
tainly heterogeneous,  and  if  magmas  are,  in  any  case,  formed  by  the 
refusion  of  solid  rocks,  it  is  probable,  as  Mr.  Becker  has  pointed  out, 
that  such  magmas  would  be  heterogeneous  at  the  start.     Even  the 
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refusion  of  homogeneous  rocks  may  give  rise  to  a  heterogeneous 
magma,  comparable  to  that  produced  by  Faraday  in  his  experiments 
on  glass.  The  cause  of  some  of  the  variations  in  igneous  rocks  is 
therefore  probably  to  be  sought  for  in  actions  which  antedate  the 
formation  of  the  magmas.  But  even  homogeneous  magmas  may 
become  modified  by  the  absorption  or  assimilation  of  the  rocks 
through  which  they  pass.  This  point  has  been  clearly  established  and 
especially  emphasized  by  M.  Michel  L^vy,  Professor  Barrois,  and 
Professor  Lacroix  in  France,  and  by  Dr.  Johnston  Lavis,  Professor 
SoUas,  Professor  Cole,  and  Mr.  Harker  in  this  country. 

That  it  is  a  vera  causa  is  admitted  on  all  hands,  but  differences  of 
opinion  exist  as  to  the  extent  to  which  it  should  be  applied  in  explain- 
ing the  origin  of  petrographical  species. 

If  we  study  igneous  rocks  which  have  appeared  at  the  surface  as 
lavas,  or  have  been  intruded  at  moderate  depths  as  dykes,  sills, 
laccolites,  or  bosses,  the  evidence  of  absorption  is,  in  my  judgment, 
so  slight  as  to  be  practicall}'  negligible;  but  if  we  pass  from  such 
regions  to  others  in  which  plutonic  rocks  are  found  in  relation  with 
crystalline  schists  and  study  "les  appareils  gi^anitiques  a  racines 
prof ondes  "  of  M.  Michel  L^vy,  the  case  is  different.  It  may  be  that 
the  final  solution  of  the  problem  of  the  origin  of  igneous  magmas  will 
be  found  in  these  regions;  but  here  we  touch  a  question  which  belongs 
to  the  future  rather  than  to  the  past,  and  lies,  therefore,  beyond  the 
scope  of  this  address.  So  far  as  I  am  concerned,  1  will  confess  that 
my  ideas  are  not  fixed.  At  present  I  am  not  disposed  to  attach  much 
importance  to  theories  involving  differentiation  in  situ  by  unaided 
molecular  flow  in  dikes  and  laccolites;  but  rather  to  attribute  such 
variation  as  does  occur  to  successive  eruptions,  or  to  a  continuous 
change  in  the  nature  of  the  material  during  the  process  of  intrusion. 
The  great  difficulty  in  applying  any  theory  that  involves  differentia- 
tion in  situ  to  such  cases  arises  from  the  slight  effect  of  the  igneous 
magmas  on  the  containing  walls — ^a  fact  which  negatives  the  idea  that 
the  material  arrived  at  the  place  where  we  now  find  it  in  a  condition 
of  superfusion,  or  that  it  remained  fluid  long  enough  to  enable  any 
considerable  diffusion  to  take  place. 

Our  ideas  as  to  the  origin  of  igneous  rocks  are  still  *'en  pleine 
Evolution.'*'  Conditions  are  rapidly  changing  in  consequence  of  dis- 
coveries in  geology  and  physical  chemistry.  Rival  theories  are  strug- 
gling for  existence,  and  although  it  is  safe  to  predict  that  some  will 
become  extinct,  that  others  will  be  modified,  and  that  natural  selection 
will  finally  bring  about  the  survival  of  the  fittest,  it  is  impossible  to 
determine  at  present  the  relative  importance  of  those  which  claim 
our  attention. 

The  origin  of  petrogniphical  species,  so  far  as  the  igneous  rocks 
are  conc>erned,  is  a  problem  the  final  solution  of  which  has  been 
banded  nn  Hv  the  nineteenth  century  to  its  successor. 


PRELIMINARY  REPORT  ON  THE  RECENT  ERUPTION  OF 
THE  SOUFRlfeRE  IN  ST.  VINCENT,  AND  OF  A  VISIT  TO 
MONT  PELfiE,  IN  MARTINIQUE/' 


By  Tempest  Axderson,  M.  D.,  B.  Sc,  F.  G.  S.,  and  John  S.  Flett, 

M.  A.,  D.  Sc,  F.  G.  S.* 


[Dr.  Tempest  Anderson  and  Dr.  John  S.  Flett,  who  received  a  com- 
mission from  the  Royal  Society  to  investigate  the  recent  volcanic 
eruptions  in  the  West  Indies,  more  especially  in  St.  Vincent,  submit 
the  following  preliminary  report:] 

We  arrived  at  Barbados  on  June  8  (having  left  London  on  May  28), 
and  thence  proceeded  to  St.  Vincent,  where  nearly  four  weeks  were 
spent,  mostly  at  Chateaubelair  and  Georgetown,  in  the  vicinity  of  the 
Souf riere.  On  June  29  Dr.  Tempest  Anderson  went  to  Grenada  to 
examine  the  lagoon  at  St.  George's,  returning  some  days  later.  Dr. 
Flett  remaining  at  St.  Vincent  to  complete  his  investigations. 

On  July  6  we  arrived  at  Martinique,  and  on  the  12th  left  that  island 
for  Dominica,  where  we  remained  until  July  17,  when  we  returned  to 
Barbados.     In  all  six  weeks  were  spent  in  the  West  Indies. 

In  the  Windward  Islands,  in  the  month  of  July — the  middle  of  the 
rain}'  season — the  work  of  a  geological  expedition  is  necessarily  attended 
with  many  difficulties,  but  these  were  greatly  mitigated  by  the  kind- 
ness rendered  by  all  with  whom  we  came  in  contact.  To  Sir  Robert 
Llewelyn,  K.  C.  M.  G.,  the  governor  of  the  Windward  Islands,  and  to 
the  administrators  of  St.  Vincent,  St.  Lucia,  and  Dominica,  and  other 
officials  connected  with  the  colonial  office,  we  are  especially  indebted 
for  information,  advice,  and  assistance.  Dr.  Morris,  C  M.  G.,  of  the 
imperial  department  of  agriculture  for  the  West  Indies,  and  the 
members  of  this  department  in  the  various  islands  received  us  with  the 
greatest  kindness  and  gave  us  invaluable  help  throughout.  The  many 
planters  and  overseers  of  estates,  medical  men,  and  merchants  to  whom 
we  made  application  for  information  or  for  assistance  received  us  with 
that  courtesy  and  hospitality  which  are  characteiistic  of  the  colony,  and 

o  Reprinted,  by  permission,  after  revision  by  the  authors,  from  Proceedings  of  the 
Royal  Society,  Ix)ndon,  Vol.  LXX,  No.  465,  August  22,  1902. 
&  Oommonicated  by  the  secretaries  of  the  Royal  Society.    Received  August  11, 1902. 
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did  everything  in  their  power  to  forward  our  work  in  every  way.  In 
Martinique  the  governor  of  the  island  gave  us  every  facility  for  con- 
ducting our  scientific  investigations.  In  this  brief  preliminary  report 
it  is  impossible  for  us  to  mention  by  name  even  a  small  proportion  of 
those  who,  often  at  considerable  inconvenience  to  themselves,  lightened 
our  labors  by  their  kind  provision  and  forethought.  In  every  place 
we  visited  we  found  friends  who  were  willing  to  direct,  assist,  and 
accompany  us;  and  without  their  help  it  would  often  have  l)een  impos- 
sible for  us  to  make  satisfactory  ari'angements  or  to  accomplish  our 
work.  In  this  way  what  might  have  been  a  very  arduous  undertaking 
was  greatl}^  lightened,  and  we  wish  to  place  on  record  our  deep 
indebtedness  to  our  many  kind  friends  in  the  Windward  and  Leeward 
islands. 

The  island  of  St.  Vincent  is  of  oval  form,  18  miles  by  11  miles,  the 
longer  diameter  being  nearly  north  and  south.  A  mountain  chain 
stretches  along  the  main  axis  of  the  island  and  reaches  to  a  height  of 
2,000  to  4,000  feet,  the  highest  point  being  just  over  4,000.  It  is 
entirely  composed  of  volcanic  materials,  the  beds  of  lava  and  tuff  dip- 
ping away  in  all  directions  from  the  central  mass  toward  the  sea.  In 
the  southern  part  of  the  island  volcanic  action  has  long  been  extinct 
or  dormant,  but  at  the  northern  end  stands  the  still  active  Souf  rifere, 
a  striking  volcanic  cone  4,048  feet  in  height,  with  a  crater  nearly  cir- 
cular in  form  and  about  1  mile  in  diameter.  Along  the  leeward  side 
of  the  island  very  fine  sections  are  exposed,  and  these  show  it  to  con- 
sist of  volcanic  rocks,  of  which  by  far  the  commonest  is  a  coarse  ande- 
sitic  agglomerate  or  tuff,  though  there  are  many  lava  streams  which 
may  be  traced  as  vertical  cliffs  along  the  valley  sides,  alternating  with 
the  gentler  slopes  due  to  the  thick  beds  of  ash.  The  scenery  is  bold 
and  picturesque,  the  heavy  tropical  rains  acting  on  steep  slopes  having 
effected  rapid  and  intense  erosion.  As  a  consequence,  deep  vallej-s 
radiate  out  from  the  central  ridge,  separated  by  high,  narrow  spurs 
running  down  to  the  sea.  On  the  windward  side,  below  the  level  of 
700  feet  above  the  sea,  there  are  considerable  stretches  of  flat  or  gently 
sloping  ground  on  which  stand  many  of  the  most  important  arrowroot 
and  sugar  estates.  The  fii'st  glance  at  these  lower  grounds  suffices  to 
show  that  they  are  very  distinct  in  configuration  from  the  highly  eroded 
and  deeply  sculptured  uplands,  and  further  investigation  reveals  the 
presence  of  more  or  less  well-marked  beaches  or  terraces — ^a  system  of 
old  sea  beaches  or  rock  platforms  partly  obliterated  bysubaerial  ero- 
sions and  in  some  places  covered  with  debris.  On  both  sides  the  suli- 
marine  slopes  are  steep,  but  most  so  on  the  leeward  coast,  as  on  the 
east  or  windward  side  there  is  a  considerable  expanse  of  shallow  water 
in  which  a  submerged  terrace  at  a  depth  of  150  feet  can  be  traced  by 
means  of  soundings,  as  indicated  ox\  the  charts.  There  are  no  I'aised 
coral  beaches  here,  as  in  some  of  the  other  islands,  and  the  latest  move- 
ments of  th    '      '  '     'e  probably  been  in  a  downward  direction. 
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The  Soufriere  Mountain  forms  the  northern  extremity  of  the 
island,  and  its  general  form  at  once  suggests  a  comparison  with  Vesu- 
vius. It  is  a  simple  cone  without  lateral  or  parasitic  craters.  The 
one  at  its  summit  is  surrounded  on  the  north  side  by  the  remains  of 
a  gigantic  crater  ring,  which  has  the  same  relation  to  the  present 
cmter  as  Somma  has  to  Vesuvius.  On  the  noi*theast  lip  of  the  main 
crater  there  is  a  smaller  one  known  as  the  New  Crater,  as  it  is  believed 
to  have  originated  in  the  eruption  of  1812.  It  is  only  one-third  of  a 
mile  in  diameter.  It  is  doubtful  whether  the  New  Crater  was  active 
during  the  late  eruption,  and  there  can  be  no  doubt  that  it  was  from 
the  principal  or  ''Old  Crater,"  that  the  materials  mostly  were  emitted. 
Deep  valleys,  often  with  precipitous  sides,  have  been  cut  in  the  slopes 
of  the  mountain,  especially  on  its  southern  side,  and  it  is  in  these — 
and  particularly  in  the  Wallibu,  Rozeau,  and  Babaca  Dry  River — that 
the  greater  part  of  the  ejecta  of  the  recent  eruption  have  collected. 

The  eruption  of  May,  1902,  though  sudden  in  its  outburst  and  dis- 
astrous in  its  effects,  was  far  from  unexpected.  In  the  north  of  St. 
Vincent  there  were  two  settlements  of  the  aboriginal  Caribs,  and 
these  had  been  so  startled  by  the  frequent  violent  earthquakes,  that 
in  February  of  last  year  they  were  considering  the  advisability  of 
deserting  the  district.  But  the  first  signs  of  actual  volcanic  activity 
were  on  Tuesday,  May  6»  The  inhabitants  of  the  leeward  side  were 
fortunate  in  having  a  clear  view  of  the  cmter,  and,  warned  by  the 
outbursts  of  steam,  they  fled  to  Chateaubelair  and  other  places  along 
the  coast  line  to  the  south,  so  that  few  lives  were  lost  in  this  quarter. 
But,  on  the  windward  side,  the  summit  of  the  mountain,  as  is  fre- 
quently the  case,  was  wrapped  in  cloud.  Here,  at  the  base  of  the 
mountain,  there  is  an  extensive  stretch  of  flat  land,  known  as  the 
Carib  country,  on  which  were  situated  some  of  the  largest  and  richest 
estates  in  the  island,  with  a  dense  population  mostly  black  or  colored. 
So  little  alarm  was  felt  here  that  even  on  the  morning  of  Wednesday, 
May  7,  when  the  leeward  side  was  practically  deseiled,  sugar  making 
was  in  progress  on  several  estates,  and  all  the  operations  of  tropical 
agriculture  were  being  conducted  as  usual.  From  Kingstown  tele- 
phonic messages  were  sent  to  Georgetown,  which  is  not  far  from  the 
base  of  the  hill,  stating  that  the  Soufriere  was  in  eruption,  but  they 
appear  to  have  occasioned  little  anxiety.  And  when,  about  midday 
on  Wednesday,  the  danger  was  too  obvious  to  be  overlooked,  the 
Kabaea  Dry  River,  and  some  of  the  streams  on  the  windward  side, 
usually  dry  except  after  rains,  were  running  boiling  hot,  and  could 
not  be  crossed.  Many  fugitives  in  this  way  found  their  escape  cut  off. 
It  was  here  that  the  loss  of  life  was  greatest,  which,  though  many 
escaped,  is  estimated  to  have  amounted  to  2,000,  including  about  a 
dozen  white  men — the  overseers  of  the  plantations.  The  exact  num- 
ber will  never  be  known,  as  many  were  entombed  in  the  ashes  where 
they  fell. 
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About  midday  on  Tuesday  the  first  signs  of  the  eruption  were 
obscn  ed  by  those  dwelling  on  the  southwestern  side  of  the  mountain. 
At  2.40  that  afternoon  there  was  a  considerable  explosion,  and  a  large 
cloud  of  steam  ascended  into  the  air.  By  5  o'clock  a  red  glare  was 
visible  in  the  steam  cloud  on  the  sumn>it.  Activity  continued  during 
the  evening,  and  at  midnight  there  was  a  great  outburst  and  red 
flames  were  noticed  on  the  lip  of  the  crater.  Next  morning  from 
Chateaubelair  a  splendid  view  could  be  obtained  of  gigantic  mushroom- 
shaped  clouds  rising  to  a  great  height  in  the  air — estimated  at  30,000 
feet — and  drifting  away  before  the  northeast  trade  wind.  As  the  da^^ 
advanced  the  eruption  increased  in  violence;  by  10.30  a.  m.  enormous 
clouds  of  vapor  were  being  emitted  with  loud  noises,  accompanied  by 
much  lightning.  It  is  remarkable  that  at  that  time  the  inhabitants  of 
the  windward  side  were  still  in  doubt  about  the  reality  of  the  erup- 
tion, since  they  mistook  the  dark  cloud  covering  the  mountain  for  a 
thunder  cloud.  The  mountain  was  now  in  a  state  of  contintious 
activity,  and  from  Chateaubelair  it  could  be  seen  that  the  materials 
were  mostly  discharged  from  the  old  or  principal  crater.  Vast  clouds 
of  steam,  showers  of  dark  matter  (probably  mud),  and  of  stones,  could 
be  seen  projected  from  it,  partly  on  the  leeward,  but  mostly  on  the 
windward  side.  At  midday  the  slopes  of  the  mountain  were  still  green 
and  the  rich  mantle  of  tropical  vegetation  had  not  yet  been  destroyed. 
A  thin  layer  of  fine  ash  had  fallen  over  the  lower  ground,  only  suffi- 
cient to  give  the  leaves  a  grayish  color.  The  enormous  columns  of 
vapor  continued  to  ascend  from  the  crater,  with  frequent  violent  out- 
bursts, projecting  showers  of  stones  and  mud. 

About  this  time  it  was  noticed  that  steam  was  rising  from  some  of 
the  valle}  s  on  the  south  side  of  the  hill,  and  this  increased  till  at  12.50 
the  whole  mountain  was  suddenl}^  enveloped  in  a  dense  cloud  of  vapor. 
Just  before  this  the  rivers  Wallibu  and  Kabaca  had  ^en  seen  rushing 
down  in  raging  floods  of  boiling  water.  It  is  most  probable  that  these 
phenomena  were  due  to  the  escape  of  the  crater  lake,  which  was  driven 
over  the  lower  or  south  lip  of  the  crater  between  12  o'clock  and  1 
o'clock  on  the  Wednesday  afternoon,  and  poured  down  the  valleys  to 
the  sea.  So  far  as  we  know  there  were  no  mud  lavas,  in  the  ordinary 
sense,  flowing  down  these  valleys,  but  only  a  tremendous  rush  of  l>oil- 
ing  water,  which  left  no  traces  which  we  could  recognize  when  we 
visited  the  district. 

By  1  o'clock  the  roaring  of  the  volcano  was  tremendous.  Showers 
of  stones  were  being  projected  both  to  windward  and  to  leeward.  The 
enormous  columns  of  steam  continued  to  ascend  from  the  crater.  The 
lightnings  were  terrific,  and  after  the  large  outbursts  which  took  place 
every  few  minutes  volumes  of  vapor  might  be  seen  covering  the 
whole  area.  Hitherto  the  eruption  had  been  of  a  type  with  which 
geologists  are  familiar,  and  the  destruction  done  was  confined  to  the 
higher  parts  of  the  mountain  in  the  close  vicinity  of  the  crater. 


ERUPTION    OF   THE   80UFR1ERE   IN   ST.   VINCENT.  313 

But  about  2  o'clock — to  quote  the  words  of  an  C3'ewitnes«  (Mr.  T. 
M.  McDonald,  of  Richmond  Vale  Estate) — "there  was  a  runfiblingand 
a  large  black  outburst  with  showers  of  stones,  all  to  windward,  and 
enormously  increased  activit^^  over  the  whole  area.  A  terrific,  huge 
reddish  and  purplish  curtain  advanced  to  and  over  Richmond  Estate." 
This  was  the  strange  black  cloud  which,  laden  with  hot  dust,  swept 
with  terrific  velocity  down  the  mountain  side,  burying  the  country  in 
hot  sand,  suffocating  and  burning  all  living  creatures  in  its  path,  and 
devouring  the  rich  vegetation  of  the  hill  with  one  burning  blast. 

On  the  leeward  coast  few  were  overtaken  by  the  black  cloud,  as  the 
inhabitants  had  fled  and  taken  refuge  in  the  villages  south  of  Chateau- 
belair.  Those  who  were  caught  were  killed  or  badly  burned.  One 
boat  was  near  Richmond  at  the  time  the  blast  swept  down.  They 
describe  the  heat  as  fearful.  Hot  sand  rained  into  the  boat  and  the 
sea  around  was  hissing  with  its  heat.  The  darkness  was  so  complete 
that  a  man  could  not  see  his  hand.  They  saved  their  lives  b}"  diving 
into  the  water;  when  they  returned  to  the  surface  the  air  was  suffo- 
cating, but  they  continued  to  dive  again  and  again,  and,  when  at  their 
last  gasp,  they  found  that  the  air  cleared  and  they  could  breathe 
again.  This  occupied  only  a  few  minutes — ^probably  much  less  in 
reality  than  it  appeared  to  them.  One  man  was  too  exhausted  to  con- 
tinue diving;  he  clung  to  the  gunwale  of  the  boat,  and  the  tops  of  his 
ears  were  severely  scorched. 

It  may  be  worth  while  to  quote  the  descriptions  of  a  few  spectators 
who  saw  this  cloud  from  a  safe  distance.  Dr.  Christian  Branch,  of 
Kingstown,  writes: 

"We  saw  a  solid  black  wall  of  smoke  falling  into  the  sea  about  2 
or  3  miles  from  us.  It  looked  like  a  promontorv  of  solid  land,  but 
it  rolled  and  tumbled  and  spread  itself  out  until  in  a  little  time  it 
extended  quite  8  miles  over  the  sea  to  the  west.  *  *  *  Then 
began  the  most  gorgeous  display  of  lightning  one  could  conceive.  / 

*  *  *  It  was  still  bright  daylight,  but  the  whole  atmosphere 
quivered  and  thundered  with  wavy  lines  intersecting  one  another  like 
trellis  work.     We  were  encircled  in  a  ring  of  fiery  bayonets." 

Another  eyewitness  (the  Rev.  Mr.  Darrell,  of  Kingstown),  who 
was  in  the  same  boat  with  Dr.  Branch,  describes  it  as  follows: 

*•*  We  were  rapidly  proceeding  to  our  point  of  observation  when  we 
saw  an  immense  cloud — dark,  dense,  and  apparently  thick  with  vol- 
canic material — descending  over  our  pathway,  impeding  our  progress 
and  warning  us  to  proceed  no  farther.  This  gigantic  bank  of  sul- 
phurous vapor  and  smoke  assumed  at  one  time  the  shape  of  a  gigantic 
promontory,  then  as  a  collection  of  twisting,  revolving  cloud  whirls, 
turning  with  rapid  velocity — now  assuming  the  shape  of  gigantic 
cauliflowers,  then  efflorescing  into  beautiful  flower  shapes,  some  dark, 
some  effulgent,  some  bronze,  others  pearly  white,  ana  all  brilliantly 
illumined  by  electric  flashes." 
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On  the  windward  side  of  the  island  an  uninterrupted  view  of  the 
progress  of  the  eruption  could  not  be  obtained,  owing  to  the  veil  of 
cloud  which  obscured  the  summit.  Bv  middav  on  Wednesdav  even 
the  most  skeptical  were  convinced  that  the  Soufriere  was  in  eruption, 
and  that  the  noises  heard  continuouslv  were  not  due  to  a  thunder- 
storm.  Before  middav  there  had  been  verv  heaw  rain  showers,  and 
it  was  noticed  that  the  raindrops  carried  down  fine  particles  of  ash. 
Work  ceased  on  the  plantations,  and  those  laborers  who  still  remained 
endeavored  to  escape  to  Georgetown  or  shut  themselves  up  in  their 
houses.  By  2  o'clock  fine  ashes,  with  occasional  larger  stones,  were 
falling  steadily,  but,  as  yet,  little  damage  had  been  done,  and  no  one 
had  been  injured.  Then  came  the  climax  of  the  eruption,  and  those 
who  were  in  the  open  air  saw  a  dense  black  cloud  rolling  with  terrific 
velocity  down  the  mountain.  They  took  refuge  in  their  houses  and 
in  the  plantation  works,  where  they  crowded  together  in  such  num- 
bers that  in  one  small  room  87  were  killed.  The  cloud  was  seen  to 
roll  down  upon  the  sea,  and  was  described  to  us  as  flashing  with  light- 
ning, especially  when  it  touched  the  water.  All  state  that  it  was 
intensely  hot,  smelt  strongly  of  sulphur,  and  was  suflFocating.  Thej' 
felt  as  if  something  was  compressing  their  throats,  and  as  if  there 
was  a*;  air  to  breathe.  There  was  no  fire  in  the  ordinary  sense  of 
the  word,  only  the  air  was  itself  intensely  hot  and  was  charged  with 
hot  dust.  The  suffocating  cloud  only  lasted  a  few  minutes.  Those 
who  survived  this  ordeal  mostly  escaped,  though  many  died  within  a 
few  hours  from  shock,  or  from  the  severity  of  their  injuries.  In 
some  cases  a  few  survived,  entirely  or  almost  entireh'  uninjured, 
in  a  room  in  which  many  others  died.  Most  of  those  who  escaped 
had  shut  themselves  up  in  the  rum  cellars  or  in  substantially  built 
houses,  and  had  firmly  closed  all  doors  and  windows.  By  the  time 
the  hot  blast  had  reached  the  coast  the  sand  it  contained  was  no  longer 
incandescent,  and  though  still  at  a  veiy  high  temperature  it  did  not 
set  fire  to  wood  or  burn  the  clothes  of  those  exposed  to  it.  The  burns 
on  the  survivors  were  chiefly  on  the  outer  aspect  of  the  arms  and  legs, 
and  on  the  faces,  and  confined  to  parts  not  protected  by  their  clothes. 

Complete  darkness  now  covered  the  whole  north  end  of  St.  Vin- 
cent— a  darkness  more  intense  than  any  that  the  inhabitants  had  ever 
before  experienced.  The  fugitives  had  to  creep  along  the  roads  or 
feel  their  way  along  the  roadsides.  The  roaring  of  the  mountain  was 
terrible — a  long,  drawn  out,  continuous  sound  resembling  the  roar  of 
a  gigantic  animal  in  great  pain.  Fine  ash  and  sand  rained  down  over 
the  whole  country,  with  occasional  showers  of  large  stones.  Some  of 
these  were  so  hot  as  to  set  fire  to  the  ''trash"  roofs  of  huts  in  the 
south  end  of  Georgetown,  at  a  distance  of  7  miles  from  the  crater.  In 
Kingstown,  12  miles  from  the  Soufriere,  the  ash  was  at  first  moist, 
but  afterwards  dry.     It  had  a  strong  sulphurous  smell,  and  pattered 
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on  the  roofs  like  a  heavy  shower  of  tropical  rain.  Around  the  volcano 
the  earth  shook  and  trembled  continuously,  and  the  motion  was 
described  to  us  as  undulating  rather  than  resembling  the  sharp  shock 
of  an  earthquake.  Only  in  one  or  two  cases  were  the  walls  of  houses 
injured.  What  was  taking  place  on  the  summit  of  the  mountain  no 
one  can  tell,  but  all  who  passed  that  night  in  the  vicinity  of  the  Sou- 
f riere  agree  that  there  was  one  black  suffocating  cloud,  and  only  one. 
In  all  probability  the  eruption  had  reassumed  the  ordinary  phase,  and 
the  showers  of  ash  and  stones  were  produced  by  violent  upward  explo- 
sions of  steam.  By  half  past  5  o'clock  the  ash  was  falling  in  Barba- 
dos, 100  miles  to  the  eastward,  whither  it  had  been  carried  by  the 
upper  currents  of  air  in  a  direction  opposite  to  that  of  the  trade  winds. 
In  St.  Vincent  the  darkness  lessened  slightly  before  nightfall,  but  the 
rain  of  dust  and  the  noises  lasted  till  early  in  the  ensuing  morning, 

When  day  broke  it  was  seen  that  in  St.  Vincent,  and  even  in  Barba- 
dos, everything  was  covered  with  fine  gray  ash,  resembling  a  fall  of 
snow.  The  dust  had  penetrated  into  the  interior  of  the  houses,  where 
it  lay  in  a  thin  film  on  walls  and  furniture.  In  Kingstown  there  were 
stones  as  large  as  a  hen's  egg;  in  Georgetown  and  Chateaubelair  some 
had  fallen  as  much  as  1  foot  in  diameter.  Little  damage,  however, 
appears  to  have  been  done  to  growing  crops,  except  in  the  noi  'i  end 
of  the  island.  In  fact,  many  believe  that  the  sulphurous  ash  had 
insecticidal  properties,  and  benefited  the  vegetation.  From  Chateau- 
belair it  could  be  seen  that  the  volcano  was  still  emitting  puflfs  of  slaty- 
colored  steam,  and  showers  of  fine  dust  were  falling  on  the  leeward 
side  of  the  mountain.  For  several  days  these  discharges  of  vapors 
continued,  but  a  new  phenomenon  now  attracted  more  attention. 
The  ravines  which  furrow  the  south  side  of  the  mountain  were  found 
to  be  discharging  clouds  of  vapor,  and  this  gave  rise  to  reports  of 
fissures  having  opened  on  the  flanks  of  the  Soufri&re,  of  subsidiary 
eruptions  arising  from  these  fissures,  and  of  streams  of  lava  flowing 
down  the  valleys.  As  a  matter  of  fact,  they  were  really  due  to  the 
action  of  water  flowing  through  the  hot  sand,  which  in  some  places 
had  almost  obliterated  the  old  stream  courses,  as  will  be  explained 
more  fully  later  on.  By  the  1 5th  the  volcanic  activity  had  apparently 
subsided,  and  the  mountain  remained  clear  and  unclouded.  The 
explosions  of  steam  in  the  valleys  continued,  and  are  probably  still 
going  on. 

The  state  of  quiescence  continued  till  Sunday,  May  18.  Confidence 
was  being  restored,  and  the  inhabitants  of  those  districts  near  the 
mountain  which  had  not  suffered  severely  were  returning  to  their 
homes.  On  the  windward  side  the  work  of  burying  the  bodies  had 
been  completed  and  things  were  resuming  their  normal  course.  But 
about  8  o'clock  that  evening  an  ominous  sound  was  heard  from  the 
crater.     Its  nature  was  at  once  recognized  and  struck  the  black  popu- 
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lation  with  terror.  The  noises  were  as  loud  as  those  of  the  first  erup- 
tion, and  the  lightning  was  very  vivid.  On  the  leeward  side  complete 
darkness  prevailed,  and  ashes  and  sand  fell  freely  for  some  hours.  In 
Georgetown  the  fall  of  ashes  was  quite  inconsiderable,  not  exceeding 
a  thin  film  on  the  roofs  of  the  houses.  Gradually  the  noises  lessened, 
the  darkness  lifted^  and  the  moon  appeared  again.  No  lives  were  lost 
and  practically  no  damage  was  done,  but  exactly  what  happened  on 
those  parts  of  the  mountain  nearest  the  crater  it  is,  under  the  circum- 
stances, impossible  to  say.  This  second  eruption  was  the  last  which 
proceeded  from  the  main  crater.  Clouds  of  steam  were  sometimes 
seen  gently  rising  for  some  days  later,  but  nothing  of  the  nature  of  a 
volcanic  outburst  has  since  taken  place. 

We  arrived  at  Kingstown  on  Tuesday,  June  10,  and  proceeded  at 
once  to  Chateaubelair,  where  Mr.  James  E.  Kichards,  of  Kingstown, 
kindly  placed  a  house  at  our  disposal.  The  geological  products  of  this 
eruption  proved  to  be  of  very  simple  character.  The  Souf riere  and 
the  surrounding  country  were  covered  with  a  layer  of  ashes  mostly  in 
the  form  of  fine,  dark-colored  sand,  but  mixed  with  spongy  bombs  of 
various  sizes,  and  many  ejected  blocks  composed  of  fragments  of  the 
old  rocks  of  the  hill.  Lapilli  and  scoria  are  there  in  plenty,  as  is 
obvious  where  the  heavy  rains  have  washed  away  the  finer  material, 
but  the  greater  part  of  the  ejecta  consists  of  fine  sand,  which  when  dry 
and  hot  is  yellowish  gray  in  color,  but  when  wet  becomes  almost 
black.  This  sand,  as  has  already  been  noted  by  many  observers,  con- 
tains plagioclase  feldspar,  hypersthene,  augite,  magnetite,  and  frag- 
ments of  glass,  and  represents  a  fairly  well  crystalized  hypersthene- 
andesite  magna  which  has  been  blown  to  powder  by  the  expansion  of 
occluded  steam. 

The  coarser  material  is  mostly  a  slaggy  andesite  with  crystals  of 
plagioclase  and  pyroxene.  There  is  little  pumice,  though  we  obtained 
a  few  fragments  which  floated  on  water  and  contained  but  few  crystals 
visible  to  the  naked  eye.  The  larger  bombs  are  often  black,  highly 
lustrous,  and  glassy  when  broken  across.  Some  were  seen  at  Wallibu 
(4  miles  from  the  crater)  3  feet  in  diameter.  The  ejected  blocks  con- 
sist of  weathered  andesites  and  andesitic  tuffs  such  as  can  be  seen  in 
the  walls  of  the  crater.  They  are  very  numerous,  and  some  are  over 
5  feet  across.  In  addition  to  these,  fine-grained,  dark-green  banded 
rocks  occur,  which  appear  to  be  baked  and  indurated  sediments,  prob- 
ably the  mud  from  the  bottom  of  the  cmter  lake  or  the  finer  beds 
intercalated  in  the  older  volcanic  series.  Another  type  of  ejected 
block  which  is  very  common  in  some  parts  of  the  hill  is  a  coarse- 
grained aggregate  of  feldspar,  hornblende  (brown  under  the  micro- 
scope), and  perhaps  olivine.  It  is  not  vesicular  and  contains  little  or 
no  glass,  being  apparently  holocrystalline.  These  rocks  are  very  fria- 
ble, and  the  crystals  are  loosely  aggregated  together.     They  seemed 
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to  U8  to  be  comparable  to  the  sanidinites  of  the  Eif el  and  many  other 
modem  volcanic  districts.  The}'  are  certainly  quite  unlike  true  plu- 
tonic  diorites,  both  in  their  structure  and  in  the  character  of  their 
minerals. 

It  may  be  noted  that  none  of  these  rocks  are  characteristic  of  this 
eruption,  but  all  can  be  found  among  the  older  materials  of  the  hill. 
The  hardened,  baked  sediments  were  well  known  to  the  Caribs,  who 
have  long  used  them  for  the  manufacture  of  their  finer  stone  imple- 
ments. The  feldspar-hornblende  blocks  were  found  by  us  among  the 
older  rocks,  and  in  some  places  even  as  rounded  masses  enveloped  in 
the  old  lavas.  Some  of  the  fresher  bombs  in  the  river  beds  and  on 
the  seashore  can  hardly  be  distinguished  from  those  which,  were  the 
product  of  this  eruption,  though  undoubtedly  of  much  older  date. 

At  Kingstown,  as  in  Barbados,  the  deposit  of  volcanic  dust  and  sand 
was  so  slight  that,  owing  to  the  heavy  tropical  rains  and  the  rapid 
growth  of  tropical  vegetation,  it  readily  disappeared,  and  when  we 
arrived  it  was  necessary  to  make  careful  search  to  find  traces  of  it. 
In  St.  Vincent,  to  the  south  of  Chateaubelair,  on  the  leeward  side,  and 
from  2  miles  south  of  Georgetown,  on  the  windward  side,  the  country 
had  very  much  its  normal  appearance.  To  the  north  of  these  points, 
however,  a  sheet  of  volcanic  ejecta  covered  the  ground.  Where  it 
was  thin  it  was  rapidly  disappearing.  Every  shower  washed  much  of 
the  finer  matter  into  the  streams,  which  were  flowing  full  of  sand  and 
lapilli  to  the  sea.  In  the  fields  the  arrowroot  was  pushing  up  through 
the  layer  of  ash  and  covering  it  with  a  mantle  of  green  leaves. 
Around  Georgetown  the  deposit  is  from  1  to  3  feet  deep,  and  some  of 
the  blocks  are  a  foot  in  diameter.  On  some  of  the  sugar-cane  fields 
in  the  Carib  country  the  ash  lies  4  feet  deep,  while  on  the  higher 
slopes  of  the  hill  it  is  from  5  feet  to  over  12  feet  (where  it  has  gath- 
ered in  the  hollows).  On  the  leeward  side  the  ash  is  very  deep  in  the 
valleys  of  the  Wallibu  and  Rozeau  Dry  rivers,  but  north  of  Larikai  it 
is  much  thinner — not  above  a  foot  or  two.  The  north  side  of  the 
mountain  has,  for  reasons  to  be  subsequently  discussed,  received 
comparatively  little  of  the  deposit,  and  at  Point  Espagnol,  Owia, 
Fancy,  and  Quashie  Point,  along  the  north  shore,  the  cliflfs  and  the 
country  for  some  short  distance  behind  them  are  perfectly  green  and 
flourishing. 

On  the  south  side  of  the  Soufriere  a  deep  and  broad  valley  has  been 
eroded  in  the  soft  volcanic  ash  and  agglomerate  of  which  this  part  of 
the  hill  consists.  It  runs  almost  across  the  island,  between  the  Morne 
Garu  Mountain  and  the  Soufriere,  and  it  is  this  valley  which  has 
received  the  greater  part  of  the  ejecta  of  this  eruption.  The  streams 
which  flow  into  it — the  Wallibu  River  on  the  west  and  the  Rabaca  Dry 
River  on  the  east — have  had  their  courses  filled  with  fine,  hot  sand 
mixed  with  coarse  bombs  and  ejected  blocks.     We  were  told  that  on 


318  ERUPTION    OF   THE    SOUFRIERE    IN   ST.   VINCENT. 

the  west  side  the  ravine  of  the  Rabaoa  Dry  River  had  been  about  200 
feet  deep.  It  is  now  almost  entirely  filled  upland  the  river  is  slowly 
cutting  its  way  through  the  hot  sand  which  occupies  it.  The  same 
thing  is  happening  in  the  Wallibu  Valley,  but  here  erosion  is  more 
advanced,  and  cliffs  of  gray,  hot  ash,  some  80  feet  high,  overlook  the 
stream  at  a  point  about  a  mile  above  its  mouth.  On  the  flatter  ground 
between  the  river  gorges  which  trench  these  broad  valley  bottoms  the 
deposit  is  very  much  thinner,  perhaps  3  to  6  feet  on  the  windward  side, 
but  often  12  feet,  and  sometimes  30  or  40  feet  on  the  leeward  side. 

The  distribution  and  thickness  of  the  recent  ashes  is  not  at  all  such 
as  would  have  been  expected  had  these  materials  merely  rained  down 
from  above.     Wherever  there  is  a  hollow  it  has  been  filled  up,  however 
deep.     For  some  days  after  the  eruption  the  stream  valleys  were  level 
with  their  banks.     On  the  flat  ground  the  deposit  is  much  thinner,  and 
on  the  ridges  and  spurs  which  stand  up  prominently  there  was  com- 
paratively little  accumulation.     To  the  mind  of  a  geologist  examining 
these  valleys  one  comparison  was  irresistibly  suggested — they  resembled 
nothing  so  much  as  a  rugged  country  covered  with  blown  snow.     The 
ash  had  drifted  into  and  filled  up  the  depressions,  while  comparatively 
little  had  rested  on  the  ridges  between.     It  is  conceivable  that  mud 
lavas  flowed  down  at  an  early  period  in  the  eruption,  and  occupied  the 
lower  parts  of  the  gorges;  but  we  saw  no  evidence  of  this,  and  as 
wherever  the  deeper  layers  of  the  ash  are  exposed  they  are  still  burn- 
ing hot,  it  is  obvious  that  they  could  never  have  reached  their  present 
position  in  the  condition  of  a  mud  lava.     When  we  saw  this  country 
its  surface  had  been  deeply  scored  by  the  rains,  but  those  who  visited 
it  shortly  after  the  first  eruption  described  it  as  having  a  smooth, 
gently  rolling  surface  like  that  of  blown  sand.     This  is  well  shown  in 
photographs  taken  by  Mr.  Wilson,  of  Kingstown,  on  May  14.     The 
conclusion  was  forced  upon  our  minds  that  immense  quantities  of  hot 
sand  had  rushed  down  the  hill  into  these  valleys  in  an  avalanche  which 
carried  with  it  a  terrific  blast  and  piled  the  ashes  deep  in  the  sheltered 
ravines,  at  the  same  time  sweeping  everything  off  the  exposed  ridges 
which  lay  between.     The  rain  of  volcanic  material,  which  lasted  for 
hours  after  the  hot  blast  had  passed,  then  covered  the  surface  of  the 
country  with  a  final  sheeting  of  fine  dust  and  scoria. 

When  we  ascended  the  Soufriere,  the  evidence  of  the  passage  of  a 
hot  blast  laden  with  sand  was  overwhelmingly  clear.  The  various 
stages  of  its  action,  and  its  varying  intensity  at  different  spots,  are 
most  easily  observed  on  the  windward  side,  where  the  country  is  more 
flat  and  open  and  there  are  fewer  ravmes  and  spurs  to  modify  the 
course  of  its  opemtions  than  m  the  Wallibu  Valley, 

The  track  to  the  summit  passes  across  the  Rabaca  Dry  Valley'  near 
the  shore,  then  turns  upward  through  the  sugar-cane  fields  of  Rabaca 
and  Lot  14.     These  were  covered  with  3  or  4  feet  of  sand  and  scoria. 
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the  trees  all  bare,  their  leaves  stripped  by  the  falling  cinders;  but  few 
branches  were  broken,  and  no  trees  had  been  uprooted  or  cast  down. 
The  woodwork  of  the  houses  was  unburnt,  though  the  roofs  of  some 
of  the  verandas  and  of  the  laborers'  huts  had  collapsed  from  the 
weight  of  ashes  that  had  fallen  on  them.  Many  people  were  killed  on 
these  estates.  The  survivors  described  to  us  how  the  dark  cloud  had 
rolled  down  from  the  mountain,  and  how  hot  and  suffocating  the  air 
had  been  when  it  enveloped  them.  But  it  was  evident  that  the  veloc- 
ity of  the  blast  was  not  above  that  of  an  ordinary  gale,  and  the  dust  it 
carried,  though  hot,  was  not  incandescent. 

At  Lot  14  it  was  seen  that  many  trees  had  their  limbs  twisted  off 
and  broken,  and  some  of  the  negroes'  houses  had  taken  fire  (probably 
mostly  from  hot  falling  bombs).  The  blast  wa.s  more  violent  here, 
but  not  hot  enough  to  set  fire  to  the  woodwork  or  char  the  green  wood 
of  the  standing  timber. 

On  the  flat  ground  above  the  plantation  buildings  (at  an  elevation 
of  about  1,000  feet)  a  further  stage  of  devastation  was  encountered. 
The  fields  were  here  swept  bare,  the  trees  broken  down,  though  not  as 
a  rule  uprooted,  and  their  smaller  branches  swept  away;  a  deep  layer 
of  black  sand  covered  the  crops  of  sugar  cane.  The  blast  was  here  a 
violent  gale. 

A  little  farther  up  the  effects  of  the  blast  were  remarkable.  Enor- 
mous trees  had  been  uprooted  and  cast  down.  Their  leaves  and  finer 
branches,  of  course,  had  disappeared.  In  every  case  the  fallen  trunks 
pointed  directly  away  from  the  crater.  Even  the  great  cotton  trees, 
10  feet  or  more  in  diameter,  were  broken  off  or  uprooted.  The  smaller 
trees  had  in  a  few  cases  been  swept  away  like  straws.  The  larger 
were  merely  cast  down,  and  lay  side  by  side,  their  tops  directed  down 
the  valley,  their  roots  toward  the  summit  of  the  mountain.  Most 
were  charred,  some  deeply,  but,  as  the  wood  was  green,  only  the 
smaller  bi^anches  had  been  consumed.  The  effect  was  like  that  pro- 
duced by  a  violent  hurricane,  only  more  complete,  for  many  of  these 
trees  had  withstood  the  hurricane  which  ruined  St.  Vincent  in  1898. 
At  the  lower  limit  of  this  region  some  curious  effects  of  the  hot  sand 
blast  could  be  seen.  Where  any  branches  or  trunks  were  still  stand- 
ing they  invariably  showed  themselves  to  be  burnt  and  eroded  on  one 
side — that  next  the  crater — the  wood  having  been  charred  and  the 
charred  material  removed  by  the  action  of  a  hot  sand  blast.  On  the 
side  away  from  the  crater  the  original  bark  was  still  left  unburnt, 
but  dry  and  peeling  off;  that  is,  there  had  been  no  erosion  on  the 
sheltered  or  lee  side  of  the  stems.  The  wood  was  too  green  to  take 
fire,  but  the  sand  had  been  sufficientlv  hot  to  char  the  surfaces  which 
were  exposed  to  it. 

Farther  up  the  hill — that  is  to  sa}^  above  the  1,600  feet  level — there 
was  little  left  of  the  rich  tropical  vegetation  which  had  covered  it 
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from  summit  to  base.  Blackened  remains  of  tree  trunks  were  to  be 
seen,  overturned  or  broken  off  near  the  ground  and  buried  in  dark 
sand.  The  highest  parts  of  the  mountain  are  as  bare  and  desolate  a 
scene  as  could  be  imagined.  The  ash  is  5  to  12  feet  deep,  and  though 
full  of  large  blocks  and  spongy  bombs,  is  mostly  so  fine  that  when 
thoroughly  wet  it  becomes  a  mud,  very  tenacious  and  slippery,  in 
which  one  sinks  to  the  knee.  In  it  there  is  a  good  deal  of  burnt 
timber,  utterly  blackened  and  converted  into  charcoal.  Every  tiling 
has  been  mown  down,  and  at  the  same  time  the  intense  heat  has  con- 
sumed all  the  smaller  fragments  and  charred  the  larger.  There  is 
nothing  to  show  what  was  the  velocity  of  the  blast  when  it  left  the 
crater.  After  a  couple  of  miles  it  was  that  of  a  hurricane  or  tornado. 
The  limits  between  the  zone  of  uprooted  trees  and  that  of  trees  still 
standing,  but  broken  and  much  damaged,  is  surprisingly  sharp.  At 
■i  miles  from  the  crater  the  blast  was  traveling  at  20  to  40  miles  an 
hour,  and  rapidly  slowing  down.  This  agrees  with  the  evidence  of 
an  eyewitness  who  saw  it  when  it  reached  th*3  sea  near  Chateaubelair. 
It  came  over  the  water  with  a  wave  bei  re  it,  but  it  did  not  overturn 
the  small  boats  which  lay  in  its  course. 

Another  peculiar  feature  of  this  blast  is  the  manner  in  which  its 
course  was  modified  by  irregularities  in  the  configuration  of  the 
ground  over  which  it  passed.  To  the  north  of  the  crater  stands  the 
encircling  crater  wall  already  referred  to  as  the  Somma.  There  can 
be  no  doubt  that  a  black  cloud  descended  ove/  this  side  of  the 
mountain,  though  here  the  devastation  is  comparatively  slight,  and  it 
is  inferred  that  the  high  intervening  ridge  overlooking  the  crater 
served  as  a  rampart  and  helped  to  protect  the  country  behind  it  from 
the  effects  of  the  blast.  The  southern  lip  of  the  crater,  on  the  other 
hand,  is  the  lower,  and  the  avalanche  of  hot  sand  seems  to  have 
poured  over  this  lip  almost  like  a  fluid.  Down  the  deep  open  valley 
between  the  Souf  Here  and  the  Morne  Garu  Mountain  it  rushed,  ever 
following  the  steepest  descent.  It  clung  to  the  valle}'^  Iwttoms  and 
coursed  along  them  in  a  manner  which  somewhat  recalls  a  raging 
torrent  in  a  river.  The  streams  in  these  valle3's,  after  descending  the 
first  part  of  the  hill,  turn  sharply  at  a  right  angle  towanl  the  coast, 
deflected  b}'  the  opposing  mass  of  the  Morne  Garu.  The  hot  blast 
mostly  followed  these  valleys,  and  in  them  it  piled  up  enormous 
deposits  of  sand,  but  part  of  it  swept  up  the  shoulders  of  Morne 
Garu  and  tore  up  the  heavy  timber  which  was  growing  there.  The 
direction  in  which  the  fallen  trunks  point  shows  that  the  blast  was 
split  into  two  parts — one  taking  the  east  and  one  the  west  side  of  the 
mountain — rushing  upward  obliquely  from  below.  The  mountain 
protected  the  country  behind,  and  the  line  of  demarcation  between  the 
burnt  and  the  green  forest  almost  corresponds  with  the  dividing  ridge. 
The  south  side  is  green;  the  north  side  toward  the  Soufriero  is 
devastated  and  burnt. 
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The  effect  of  even  comparatively  small  ridges  in  deflecting  the  blast 
and  protecting  the  country  behind  them  is  still  more  noticeable  near 
Chateaubelair.  Between  the  rivers  Wallibu  and  Richmond  there  is  a 
high  dividing  ridge.  The  northern  valley  (the  Wallibu)  is  filled  with 
ash  and  utterly  burnt  up,  that  to  the  south  (Richmond  Valley)  is  in 
large  part  green.  One  side  of  the  dividing  ridge  is  blasted;  on  the 
other  the  arrowroot  is  again  putting  out  its  green  leaves.  Another 
ridge  separates  Richmond  Valley  from  Chateaubelair.  This  ridge  has 
been  in  many  places  scorched,  but  the  country  behind  it  has  been  per- 
fectly protected,  and,  though  covered  with  the  rain  of  ash,  has  resumed 
its  normal  appearance.  There  can  be  little  doubt  these  ridges  sei-ved 
to  direct  the  path  and  intercept  the  violence  of  the  hot  blast. 

For  some  days  after  the  eruption  no  min  fell,  and  the  first  to  visit 
the  district  were  able  to  observe  the  effects  of  the  eruption  unmodified 
by  the  erosive  action  of  running  water.  But  on  May  25  5i  inches  of 
rain  fell. '  On  the  previous  day  the  rainfall  had  been  2^  inches,  and 
the  rainy  season  now  set  in  in  earnest.  The  effect  of  these  deluges 
acting  on  loose  material  lying  on  steep  slopes  was  phenomenal,  and  by 
the  time  we  reached  the  island  the  surface  of  the  sheets  of  ash  had 
been  sculptured  into  innumerable  furrows  and  runnels.  They  cut 
down  through  the  incoherent  sand  to  the  layer  of  burnt  vegetation  on 
the  old  soil  beneath,  or  even  into  this,  forming  new  channels,  which 
varied  from  a  few  inches  to  many  feet  in  depth.  To  one  fresh  from  a 
temperate  climate  and  unaccustomed  to  the  power  of  tropical  rains  the 
rapidity  of  denudation  under  these  conditions  was  astounding.  On 
the  upper  part  of  the  Souf riere  beautiful  feather  patterns  of  rain  rills 
converging  toward  a  central  main  axis  everywhere  characterized  the 
surface.  The  knife  edges  between  the  valleys  were  the  only  parts 
retaining  the  original  smooth  surface,  and  they  formed  excellent 
paths,  as  the  sand  was  firm,  except  near  the  summit  of  the  hill. 

On  the  windward  side  of  St.  Vincent  so  much  material  is  being 
swept  into  the  sea  by  the  streams  that  the  coast  is  covered  with  black 
sand,  and  near  Overland  Village  it  is  possible  to  walk  for  a  mile 
bencatli  the  sea  cliffs  on  a  broad,  sandy  beach,  where  formerly  the 
heavy  surf  of  a  weather  shore  beat  against  their  base.  In  the  arrow- 
root fields  the  original  surface  is  often  to  a  large  extent  uncovered, 
and  on  the  upper  slopes  of  the  Souf  riere  there  are  many  places  where 
none  of  the  new  ash  is  left,  but  the  bare  surface  of  the  old  rocks  is 
everywhere  exposed  to  view.  After  a  heavy  tropical  shower  valleys 
which  are  usually  dry  may  be  filled  with  a  thundering  torrent  several 
feet  deep  and  20  or  30  feet  across.  Under  these  circumstances  it  will 
easily  be  imderstood  that  already  many  of  the  streams  have  thoroughly 
cleaned  out  the  ash  from  the  upper  parts  of  their  channels  where  the 
giudient  is  steepest. 

But  when  such  a  torrent  reaches  the  lower  valleys,  which  have  been 
filled  with  thick  masses  of  hot  sand,  a  strange  conflict  between  tire  and 
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water  can  be  witnessed.  The  river  plows  its  way  deeper  and  deeper, 
constantly  sweeping  the  material  into  the  sea.  The  valleys,  at  first 
almost  obliterated,  are  now  reassuming  their  old  appearance.  Ter- 
races on  their  sides  give  evidence  of  former  levels  at  which  the  streams 
flowed.  There  are  five  or  six  such  terraces  on  the  Wallibu.  This 
river  flows  in  gushes  of  hot  steaming  black  mud,  its  intermittent  flow 
being  due  to  small  landslides  temporarily  damming  up  its  channel, 
onl}'^  to  be  swept  away  as  the  pressure  of  the  water  increases.  On  the 
Rabaca  Dry  River  there  has  been  less  erosion,  and  only  after  heavy 
rains  does  it  reach  the  sea,  as  the  water  from  the  smaller  showers  is 
apparently  evaporated  in  its  passage  through  the  banks  of  hot  ashes. 
After  rains  both  rivers  can  be  seen  steaming  all  along  the  lower  parts 
of  their  courses. 

When  one  of  these  streams  comes  down  in  force  it  undermines  its 
banks  by  washing  out  the  soft  new  ashes  at  their  base.  Then  land- 
slides take  place,  and  a  curious  spectacle  results.  When  the  hot  ash 
tumbles  down  into  the  water  an  immense  cloud  of  steam  rises  in  the 
air  to  heights  of  hundreds  of  feet.  It  expands  in  great  globular 
masses  exactly  like  the  steam  explosions  from  a  crater,  and  as  it  drifts 
away  before  the  wind  fine  dust  rains  from  the  cloud.  We  had  the 
good  fortune  to  witness  a  magnificent  series  of  these  explosions  one 
day  as  we  were^ descending  from  the  summit  of  the  Soufriere.  It  was 
in  the  valley  of  the  Rozeau  Dry  River.  After  every  landslip  a  column 
of  muddy  water  rose  to  about  200  feet,  carrying  with  it  pieces  of  stone. 
Immense  quantities  of  steam  shot  up  to  700  or  800  feet  in  the  air.  It 
resembled  an  enormous  geyser  of  black  mud  and  steam.  In  the  W^al- 
libu  River  after  every  shower  these  steam  explosions  may  be  wit- 
nessed taking  place  on  a  large  scale.  After  a  few  hours  of  drj^ 
weather  they  cease,  though  the  river  can  still  be  seen  to  be  steaming 
strongly  as  it  flows  along. 

The  structural  modifications  produced  upon  the  hill  by  this  eruption 
have  been  astonishingly  slight.  We  saw  no  fissures,  no  parasitic 
cmters  or  cones,  and  no  lava  streams.  Even  the  craters  at  the  summit 
retain  essentially  their  old  configuration.  All  the  evidence  points  to 
the  supposition  that  it  was  from  the  large  or  old  crater  that  this 
eruption  for  the  most  part  proceeded.  Hut  the  smaller  crattn*  ha.s  not 
disappeared,  nor  has  it  been  filled  up.  We  did  not  see  it,  but  we  i^an 
rely  on  the  evidence  of  several  observers  who  knew  it  well  before  the 
eruption  and  have  seen  it  since.  The  narrow  ridge  between  it  and 
the  large  crater  still  stands,  though  probably  somewhat  lower  than 
before,  and  possibly  is  slipping  down  in  landslides  on  both  sides. 

Like  all  the  higher  mountains  of  the  Windward  Islands,  the  Soufriere 
has  usiji^ly  its  summit  capped  with  cloud,  especially  during  the  rainy 
sciison,  and  this  was  the  case  on  both  the  da3^s  on  which  we  made  the 
ascent.     On  the  first  occasion  the  mist  lifted  for  a  few  minutes  and 
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enabled  us  to  obtain  a  glimpse  of  the  bottom  of  the  crater.  Fortu- 
nately^  we  had  with  us  Mr.  T.  M.  McDonald,  of  Richmond  Vale,  and 
Mr.  Henr\-  Powell,  curator  of  the  Botanic  Gardens  at  Kingstown, 
who  were  both  well  acquainted  with  the  mountain  in  previous  years. 
The  crater  was  formerlv  nine-tenths  of  a  mile  across  and  about  1,100 
feet  deep.  Its  inner  slopes  were  steep  and  richly  wooded.  Its  bottom 
was  occupied  b}^  a  lake  which  is  said  to  have  been  over  500  feet  deep. 
The  northern  wall  is  now  a  naked  precipice  of  rock,  perhaps  2,000  feet 
high,  from  the  face  of  which  rock  slides  arc  frequently  tumbling  into 
the  abyss  below  with  a  loud  noise.  We  did  not  get  a  clear  view  of  it,  but 
Professor  Jaggar,  of  Harvard  Universit\' ,  who  ascended  shortly  before 
we  did,  was  more  fortunate,  and  obtained  some  photographs  which  show 
that  it  consists  of  layers  of  tuff  alternating  with  beds  of  lava.  What 
seems  to  be  a  thin  irregular  dyke  forms  a  prominent  riblike  mass  cut- 
ting across  the  bedding  planes.  The  southern  side  slopes  downward 
for  several  hundred  feet  at  an  angle  of  about  40^^,  and  is  covered  with 
a  thick  laj  er  of  tine  dark  mud  deeply  grooved  with  rain  channels. 
The  lower  part  is  a  precipice  of  bare  rock.  The  bottom  of  the  crater 
is  nearly  flat  or  slightly  cupped.  When  we  saw  it,  it  contained  three 
small  lakes  of  water,  greenish  and  turbid;  that  in  the  southeast  corner 
was  throwing  up  jets  of  mud  and  steam  with  a  hissing  noise.  It  was 
in  very  much  the  same  condition  as  when  seen  by  the  party  which  first 
ascended  the  mountain  on  May  31 — that  including  Mr.  T.  M.  McDonald 
and  Professor  Jaggar — and  on  a  slightl}'  later  date  by  Lieutenant  Rob- 
inson, R.  E.  Mr.  McDonald  thought  that  there  was  rather  less  steam 
and  the  lakes  of  water  were  somewhat  larger  than  when  he  saw  it  pre- 
viously. In  his  opinion  and  that  of  Mr.  Powell  the  crater  was  only 
slightly  larger  than  before  the  eruption,  but  considerably^  deeper. 
The  estimates  of  the  depth  varied  a  good  deal,  but  it  seems,  on  the 
whole,  to  be  generally  agreed  that  it  is  about  1,600  feet. 

Accurate  measurements  of  the  breadth  or  depth  of  the  crater  were, 
under  the  circumstances,  impossible.  As  seen  from  Chateaubelair  the 
outline  of  the  lip  of  the  crater  has  suffered  many  modifications,  though 
none  of  these  is  of  any  great  importance.  It  is  agreed  that  the  south- 
ern edge  is  now  somewhat  lower  than  it  was  before  the  eruption,  and 
this  is  confirmed  by  our  barometric  measurements. 

It  is  reported  that  since  we  left  St.  Vincent  the  amount  of  water  in 
the  crater  has  increased;  and  should  this  continue,  a  lake  will  ulti- 
mately be  formed  not  unlike  that  which  previously  existed  there. 
When  the  cliffs  which  form  the  north  wall  have  reached,  by  repeated 
rock  falls,  a  condition  of  adjustment  and  stability,  and  when  vegeta- 
tion has  again  covered  the  interior  slopes,  it  is  possible  that  the  crater 
of  the  Souf rierc  wiU  have  regained  very  much  of  its  old  appearance. 
Should  anyone  who  knew  it  before  then  return  to  visit  it,  he  will  have 
difficulty  in  believing  that  it  formed  the  orifice  from  which  were 
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emitteil  the  tremendous  explosions  of  May  7,  1902.  It  was,  as  we 
saw  it,  an  impressive  spectacle,  its  naked,  rugged  walls  of  rock  looking 
down  on  the  steaming  lakes  below. 

Apart  from  the  changes  which  have  taken  place  within  the  crater 
and  the  deposits  of  ash  which  have  formed  in  the  river  valleys  and  on 
the  sui'face  of  the  hiU,  the  only  other  important  geological  modifica- 
tion of  the  country  has  been  the  disappearance  of  a  narrow  strip  of 
coast  along  the  leeward  side  of  the  island.  Near  the  mouth  of  the 
Wallihu,  and  from  thence  northward  to  Morne  Ronde,  the  sea  has 
encroached  on  the  land  for  perhaps  200  yards.  Below  Wallibu  plan- 
tation there  stood  a  village  of  laborers'  huts  on  a  low,  flat  beach  with 
a  !)lutf  behind.  Here  the  sea  now  washes  the  foot  of  a  cliff  some  30 
feet  high.  This  cliff  consists  of  soft  tuffs  covered  with  several  feet  of 
new,  hot  ashes,  and  is  in  an  unstable  condition,  as  masses  are  con- 
stantly falling  down  from  its  face.  In  this  way  a  new  beach  is  now 
fonuing  in  front  of  it.  It  is  agreed  by  those  who  knew  the  district 
before  the  eruption  that  not  only  has  the  old  beach  disappeared,  which 
carried  the  village  and  the  public  road,  but  that  part  of  the  bluff 
behind  hais  also  subsided.  We  were  informed  by  Mr.  T.  M.  McDon- 
ald, who  is  intimately  acquainted  with  this  coast  line,  that  similar 
subsidences  had  also  taken  place,  though  on  a  much  smaller  scale,  at 
several  places  farthei  north.  There  is  no  evidence  elsewhere  of  any 
changes  of  level  of  land  and  sea.  The  tide  marks  on  the  rocks  and  the 
landing  stages  at  the  villages  enabled  us  to  ascertain  that  the  level  of 
high  water  was  at  any  rate  within  a  few  inches  of  what  it  had  been 
l)efore.  It  was  clear  that  the  alterations  in  the  coast  line  were  due  to 
local  subsidence  of  the  foreshores,  and  that  thev  had  mostlv  affected 
loose  an<l  ill-consolidated  deposits,  such  as  beach  gravels  and  the  fans 
of  alluvium  which  had  formed  at  the  mouths  of  the  streams. 

The  submarine  slopes  on  the  leeward  side  of  St.  Vincent  are  very 
steep,  averaging  about  1  in  4.  Often  within  half  a  mile  of  the  shore, 
or  sometimes  even  less,  the  depth  is  over  loO  fathoms.  It  seems  mast 
probable  that,  owing  to  the  concussions  and  earthquakes  produced  by 
the  explosions,  some  of  the  less  coherent  accumulations  on  these  steep 
slopes  slipped  bodily  into  the  deep.  On  this  supposition  most  of  the 
facts  would  be  explained,  but  at  the  same  time  it  is  possible  that  at 
Wallibu  the  inner  margin  of  the  depressed  tract  may  be  a  fault  line. 
It  has  a  very  straight  trend,  and  it  is  a  curious  fact  that  this  shore  was 
formerly  known  as  Hot  Waters.  This  might  indicate  the  existence  of 
a  fissure  up  which  hot  springs  were  rising. 

When  we  arrived  at  Martinique  we  had  the  pleasure  of  meeting 
Professor  Lacroix,  the  head  of  the  French  scientific  commission,  which 
had  spent  some  time  in  making  a  preliminary  surv'ey  of  Alont  Pelee  and 
the  north  end  of  the  island,  and  from  him  we  obtained  much  valu< 
able  information  regarding  the  sequence  of  events  and  the  geological 
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consequences  of  the  eruptions  in  that  quarter.  It  was  our  intention 
to  make  merely  such  reconnoissances  as  would  enable  us  in  a  genei*al 
way  to  ascertain  the  points  of  difference  and  of  similarity  between  the 
outburst  of  Mont  Pel^e  and  that  of  the  Soufriere  and  to  see  what 
light  the  phenomena  in  Martinique  threw  on  the  events  which  had 
happened  in  St.  Vincent. 

Both  volcanoes  are  of  the  same  t3^pe,  simple  cones  with  a  large  vent 
near  the  summit,  and  without  pai*asitic  cratei*s.  They  are  both  deeply 
scored  with  ravines,  and  on  their  southwest  sides  there  is  a  broad 
valley — occupied  at  Martinique  by  St.  Pierre  City ;  at  St.  Vincent  by 
the  Wallibu.  It  is  in  these  valleys  that  the  destruction  has  been  most 
pronounced.  In  both,  the  recent  eruptions  have  been  characterized  by 
paroxysmal  discharges  of  incandescent  ashes  and  a  complete  a})8ence 
of  lava  stream.s. 

In  St.  Vincent,  however,  the  mass  of  material  ejected  has  been  much 
greater,  and  a  considerably  larger  area  of  country  has  been  devastated 
than  in  Martinique.  That  the  loss  of  life  was  not  so  great  can  be 
accounted  for  by  the  absence  of  a  populous  city  at  the  foot  of  the 
mountain.  Had  St.  Pierre  been  planted  at  the  mouth  of  the  Wallibu 
Valley,  there  can  be  no  doubt  it  would  have  been  no  less  completely 
destroyed. 

On  Mont  Pel^e  we  understand  that  a  fissure  has  opened  on  the  south 
side  of  the  mountain  between  the  summit  and  St.  Pierre,  from  which 
the  blast  was  emitted  which  overwhelmed  the  city.  But  on  the  Sou- 
friere the  old  orifices  have  been  made  use  of.  The  eruption  of  Pel^e 
began  with  the  flow  of  mud  lavas,  but  none  such  were  seen  in  St. 
Vincent.  On  the  other  hand,  the  hot  blast  which  swept  down  on  the 
devoted  city  was  essentially  similar  to  that  which  we  have  described 
as  having  taken  place  at  the  Soufriere.  Both  eruptions  produced 
principally  hot  sand  and  dust  with  a  small  proportion  of  bombs  and 
ejected  })locks.  The  evidence  of  the  captain  of  the  Roddain  and  of 
the  survivors  of  the  Roraimii  affords  a  very  good  idea  of  what  hap- 
pened in  St.  Pierre  on  May  8.  An  avalanche  of  incandescent  sand  was 
launched  against  the  city.  In  the  north  end,  which  was  nearest  the 
ci*ater,  the  inhabitants  were  instantaneously  killed,  the  walls  of  the 
houses  leveled  with  the  ground,  and  the  town  was  ablaze  in  a  moment. 
In  the  south  end  the  ruin  was  less.  Those  walls  of  the  houses  which 
faced  the  crater  were  demolished;  those  which  ran  north  and  south 
still  stood,  even  when  we  were  there,  after  the  second  eruption.  In 
this  quailer  also  all  were  killed,  except  a  prisoner  who  was  confined 
in  an  ill-ventilated  cell  in  the  prison,  but  we  were  told  that  for  some 
minutevS  after  the  blast  had  passed  people  were  seen  rushing  about  in 
the  streets,  crying  aloud  with  pain,  and  many  threw  themselves  into 
the  sea  to  escape  the  agony  of  their  burns.  It  must  be  remembered 
that  a  terrible  conflagration  followed  the  eruption,  and  for  thirty-six 
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hours  the  city  was  a  burning  pile.  Another  eruption  followed  on  the 
20th,  and  cavst  down  many  of  the  buildings  which  were  left.  Hence 
it  was  difficult  to  be  sure  exactly  what  were  the  eflfects  of  the  volcanic 
blast,  and  what  had  to  be  ascribed  to  the  conflagration.  But  we  saw 
enough  to  satisfy  us  that  the  hot  blast  was  probably  no  less  violent 
here  than  at  St.  Vincent.  An  iron  statue  of  the  Virgin,  standing  on  a 
stone  i)edestal  on  the  wooded  cliff  overlooking  the  town,  had  been 
broken  off  and  carried  40  feet  away.  It  lay  with  the  head  pointing  to 
the  mountain,  and  the  direction  of  the  sUitue  showed  that  the  blast 
was  tmveling  straight  from  the  ci*ater  over  the  cit3\  The  cannon  in 
the  fort  had  been  overthrown  and  had  fallen  away  from  the  mountain,, 
that  is  to  say,  in  the  same  direction  as  the  statue.  The  projecting 
ironwork  of  the  verandas  of  the  houses  was  twisted  and  bent.  The 
light-houses  were  nized.  The  ships  riding  at  anchor  in  the  harlK)r 
were  lying  side-on  to  the  blast.  Some  were  capsized,  others  had  their 
rigging  cut  clean  away;  onlj'^  the  Roddani  escaped,  and  she  was  near 
the  south  end  of  the  town.  It  was  said  that  one  man  was  blown  clean 
off  the  Rorahna,  The  trees  which  were  growing  in  the  streets  were 
uprooted  and  cast  down.  Many  of  them  showed  charring  and  sand- 
blast erosion  on  the  side  which  faced  the  crater,  while  the  lee  side  was 
still  covered  with  the  original  bark. 

During  the  minute  or  two  which  this  blast  lasted,  so  much  dust  fell 
on  the  Roddam  that  Captain  Ford,  the  harbor  master  at  St.  Lucia, 
estimated  that  120  tons  were  removed  from  her  decks  when  she  arrived 
there,  and  the  chief  engineer  of  the  R.  M.  S.  Enk^  who  inspected  her 
for  Lloyd's,  told  us  that  the  depth  of  the  layer  of  ash  was  in  some 
places  2  or  8  feet.  Enough  has  been  said  to  indicate  the  general  simi- 
larity of  the  volcanic  phenomena  in  Martinique  and  in  St.  Vincent. 
A  fuller  comparison,  and  more  particularly  the  investigation  of  the 
outstanding  points  of  difference,  is  best  deferred  till  the  detailed 
results  of  the  French  commissioners'  investigations  are  to  hand. 

We  were  fortunate  in  having  an  opportunity  of  witnessing  one  of  the 
more  important  eruptions  of  Mont  Pelee  before  we  left  Martinique, 
and  this  enabled  us  to  see  how  far  the  actual  phenomena  corresponded 
with  the  idea:^  we  had  been  led  to  form  from  an  inspection  of  the  effects 
of  the  earlier  outbursts.  On  the  9th  of  July  we  were  in  a  small  sloop  of 
10  tons,  the  Minerva^  of  Grenada,  which  we  had  hired  to  act  as  a  con- 
venient })ase  for  our  expeditions  on  the  mountain.  The  morning  was 
spent  in  St.  Pierre  City  and  among  the  sugar-cane  plantations  on  the 
lower  slopes  of  the  mountain,  on  the  })anks  of  the  Riviere  des  Peres. 
The  volcano  was  })eautif ully  clear.  p]very  i-avine  and  furrow,  every 
ridge  and  crag,  on  its  gaunt,  naked  surface  stood  out  clearl}'^  in  the  sun- 
light. (See  pi.  L)  Thin  clouds  veiled  the  summit,  })ut  now  and  then 
the  mist  would  lift  sufficiently  to  show  us  the  jagged,  broken  cliff 
which  overlooks  the  cleft.     From  the  triangular  fissure  which  serves 
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as  the  crater  hardly  a  whiff  of  steam  was  seen  to  rise,  and  the  great 
heap  of  hot  bowlders  which  lies  on  the  north  side  of  and  above  this 
fissure  could  be  perfectly  made  out.  (See  pi.  II.)  Small  landslides 
took  place  in  it  occasionally,  and  small  jets  of  steam  rose  now  and  again 
from  between  the  stones. 

A  little  after  midday  large  steam  clouds  began  to  rise,  one  every  ten 
or  twenty  minutes,  with  a  low  rumble.  As  they  rose  the}'  expanded, 
becoming  club-shaped,  and  consisting  of  many  globular  rolling  masses, 
constantly  increasing  in  number  and  in  size  as  they  ascicndod  in  the 
air.  They  might  be  compared  to  a  bunch  of  grapes,  large  and  small, 
or  to  a  gigantic  cauliflower.  When  their  upward  velocit}'  diminished 
they  floated  away  to  leeward,  and  fine  ash  rained  down  in  a  dense  mist 
as  they  drifted  over  the  western  side  of  the  mountain.  Tlie\'  occa- 
sioned no  anxietv  in  our  minds,  as  we  had  found  that  the  mountain 
was  never  long  without  exhibiting  these  discharges,  and  they  were  due 
merely  to  an  escape  of  steam,  carrying  with  it  fine  dust.  The}'  rose, 
as  a  rule,  to  heights  of  5,000  or  6,000  feet  above  the  sea. 

That  afternoon,  as  the  sun  was  getting  lower  in  the  heavens  and  the 
details  of  ravine  and  spur  showed  a  conti'ast  of  light  and  shadow  which 
was  absent  at  midday,  we  sailed  along  from  St.  Pierre  to  Precheur, 
intent  on  obtaining  a  series  of  general  photographs  of  the  hill.  The 
steam  puffs  continued,  and  al)out  6  o'clock,  as  we  were  standing  back 
across  the  Bay  of  St.  PieiTe,  they  became  more  numerous,  though  not 
much  larger  in  size.  We  ran  down  toCarbet,  a  village  1^  miles  south 
of  St.  Pierre,  where  there  is  a  suppl}'  of  excellent  water  and  good 
anchorage.  About  half  past  6  it  was  o})vious  that  the  activity  of  the 
mountain  was  increasing.  The  cauliflower  clouds  were  no  longer  dis- 
tinct and  separate,  each  f olloAving  the  other  after  an  interval,  but  arose 
in  such  rapid  succession  that  they  were  blended  in  a  continuous  em  is- 
sion.  A  thick  cloud  of  steam  streamed  away  before  the  wind,  so  laden 
with  dust  that  all  the  leeward  side  of  the  hill  and  the  sea  for  6  miles 
from  the  shore  was  covered  with  a  dense  pall  of  fine  falling  ash. 
(See  pi.  III.)  The  sun  setting  behind  this  cloud  lost  all  its  brightness 
and  became  a  pale  yellowish-green  disk,  easily  observable  with  the 
naked  eye.  Darkness  followed  the  short  twilight  of  the  Tropics,  but  a 
four  days  old  moon  shed  suflScient  light  to  enable  us  to  see  what  was 
happening  on  the  hillside. 

Just  before  darkness  closed  in  we  noticed  a  cloud  which  had  in  it 
something  peculiar  hanging  over  the  lip  of  the  fissure.  At  first  glance 
it  resembled  the  globular  cauliflower  masses  of  steam.  It  was,  how- 
ever, darker  in  color,  and  did  not  ascend  in  the  air  or  float  away,  but 
retained  its  shape,  and  slowly  got  larger  and  larger.  After  observing 
it  for  a  short  time  we  concluded  that  it  was  traveling  straight  down 
the  hill  toward  us,  expanding  somewhat  as  it  came,  but  not  rising  in 
the  air,  only  rolling  over  the  surface  of  the  ground.     It  was  so  totally 
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distinct  in  its  behavior  from  the  ascending  steam  clouds  that  our 
attention  was  riveted  on  it,  and  we  were  not  without  apprehension  as 
to  its  character.  It  seemed  to  take  some  time  to  reach  the  sea  (several 
minutes  at  least),  and  as  it  rolled  over  the  bay  we  could  see  that 
through  it  there  played  innumerable  lightnings.  We  weighed  anchor 
and  hoisted  the  sails,  and  in  a  few  minutes  we  were  slipping  southward 
along  the  coast  with  a  slight  easterly  wind  and  a  favorable  tide. 

We  had,  however,  scarcely  got  under  way  when  it  became  clear  that 
an  eruption  was  impending.  As  the  darkness  deepened,  a  dull  red 
reflection  was  seen  in  the  trade-wind  cloud  which  covered  the  mountain 
summit.  Phis  became  brighter  and  brighter,  and  soon  we  saw  red-hot 
stones  projected  from  the  cmter,  bowling  down  the  mountain  slopes, 
and  giving  off  glowing  sparks.  Suddenl}^  the  whole  cloud  was  brightly 
illuminated  and  the  sailors  cried,  "The  mountain  bursts!"  In  an 
incredibly"  short  space  of  time  a  red-hot  avalanche  swept  down  to  the 
sea.  We  could  not  see  the  summit,  owing  to  the  intervening  veil  of 
cloud,  but  the  fissure  and  the  lower  parts  of  the  mountain  were  clear, 
and  the  glowing  cataract  poured  over  them  right  down  to  the  shores 
of  the  bay.  It  was  dull  red,  with  a  billowy  surface,  reminding  one  of  a 
snow  avalanche.  In  it  there  were  larger  stones  which  stood  out  as 
streaks  of  bright  red,  tumbling  down  and  emitting  showers  of  sparks. 
In  a  few  minutes  it  was  over.  A  loud,  angry  growl  had  burst  from 
the  mountain  when  this  avalanche  was  launched  from  the  crater.  It  is 
difficult  to  say  how  long  an  interval  elapsed  between  the  time  when 
the  great  glare  shone  on  the  summit  and  the  incandescent  avalanche 
reached  the  sea.  Possibly  it  occupied  a  couple  of  minutes;  it  could 
not  have  been  much  more.  Undoubtedly  the  velocity  was  terrific. 
Had  an}"  buildings  stood  in  its  path  they  would  have  been  utterly 
wiped  out,  and  no  living  creature  could  have  survived  that  blast. 

Hardly  had  its  red  light  faded  when  a  rounded  black  cloud  began 
to  shape  itself  against  the  star-lit  sky  exactly  where  the  avalanche 
had  been.  The  pale  moonlight  shining  on  it  showed  us  that  it  was 
globular,  with  a  bulging  surface,  covered  with  rounded  protuberant 
masses,  which  swelled  and  multiplied  with  a  terrible  energy.  It 
rushed  forward  over  the  waters,  directly  toward  us,  boiling,  and  chang- 
ing its  form  every  instant.  In  its  face  there  sparkled  innumerable 
lightnings,  short,  and  many  of  them  horizontal.  Especially  at  its  base 
there  was  a  continuous  scintillation.  The  cloud  itself  was  black  as 
night,  dense  and  solid,  and  the  flickering  lightnings  gave  it  an  inde- 
scribably venomous  appearance.  It  moved  with  great  velocity,  and 
as  it  approached  it  got  larger  and  larger,  but  it  retained  its  rounded 
form.  It  did  not  spread  out  laterally,  neither  did  it  rise  into  the  air, 
but  swept  on  over  the  sea  in  surging  globular  masses,  corruscating 
with  lightnings. 

When  about  a  mile  from  us  it  was  perceptibly  slowing  down.  We 
then  estimated  that  it  was  2  miles  broad  and  about  1  mile  high.     It 
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began  to  change  its  form;  fresh  protubei*ances  ceased  to  shoot  out  or 
grew  but  slowly.  They  were  less  globular,  and  the  face  of  the  cloud 
more  nearly  resembled  a  black  curtain  draped  in  folds.  At  the  same 
time  it  became  paler  and  more  gray  in  color,  and  for  a  time  the  surface 
shimmered  in  the  moonlight  like  a  piece  of  silk.  The  particles  of  ash 
were  now  settling  down,  and  the  white  steam,  freed  from  entangled 
dust,  was  beginning  to  rise  in  the  air. 

The  cloud  still  traveled  forward,  but  now  was  mostly  steam,  and 
rose  from  the  surface  of  the  sea,  passing  over  our  heads  in  a  great 
tongue -shaped  mass,  which  in  a  few  minutes  was  directly  above  us. 
Then  stones,  some  as  large  as  a  chestnut,  began  to  fall  on  the  boat. 
They  were  followed  by  small  pellets,  which  rattled  on  the  deck  like  a 
shower  of  peas.  In  a  minute  or  two  fine,  gray  ash,  moist  and  clinging 
together  in  small  globules,  poured  down  upon  us.  After  that  for  some 
time  there  was  a  rain  of  dry,  gray  ashes.  But  the  cloud  had  lost  most 
of  its  solid  matter,  and  as  it  shot  forward  over  our  heads  it  left  us  in  a 
stratum  of  clear,  pure  air.  When  the  fine  ash  began  to  fall,  there  was 
a  smell  of  sulphurous  acid,  but  not  very  marked.     There  was  no  rain. 

The  volume  of  steam  discharged  must  have  been  enormous,  for  the 
tongue-shaped  cloud  broadening,  as  it  passed  southward,  covered  the 
whole  sky  except  a  thin  rim  on  the  extreme  horizon.  Dust  fell  on 
Fort  de  France  and  the  whole  south  end  of  Martinique.  The  display 
of  lightning  was  magnificent.  It  threaded  the  cloud  in  every  direction 
in  irregular  branching  lines.  At  the  same  time  there  was  a  continuous 
low  rumble  overhead. 

What  happened  on  Mont  Pel6e  after  this  discharge  can  not  be 
definitely  ascertained.  For  some  hours  afterwards  there  were  brilliant 
lightnings  and  loud  noises  which  we  took  for  thunder.  That  night 
there  was  a  heavy  thunder  storm  over  the  north  end  of  Martinique, 
and  much  of  the  lightning  was  atmospheric,  but  probabl}'  the  eruption 
had  something  to  do  with  it,  and  the  noises  may  have  been  in  part  of 
volcanic  origin. 

There  can  be  no  doubt  that  the  eruption  we  witnessed  was  a  counter- 
part of  that  which  destroyed  St.  Pierre.  The  mechanism  of  these  dis- 
charges is  obscure  and  many  interesting  problems  are  involved,  but 
we  are  convinced  that  the  glowing  avalanche  consisted  of  hot  sand  and 
gases,  principally  steam;  and  when  we  passed  the  hill  in  R.  M.  S.  Yare 
a  few  days  later  we  had,  by  the  kindness  of  the  captain,  an  excellent 
opportunity  of  making  a  close  examination  of  the  shore  from  the  bridge 
of  the  steamboat.  The  southwest  side  of  the  hill,  along  the  course  of 
the  Riviere  Seche,  was  covered  with  a  thin  coating  of  freshly  fallen 
fine  gray  ashes,  which  appeared  to  be  thickest  in  the  stream  valleys. 
The  water  of  the  rivers  flowing  down  this  part  of  the  hill  was  steaming 
hot.     This  was  undoubtedly  the  material  emitted  from  the  crater  on 
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the  night  of  the  eruption.  There  was  no  lava.  We  saw  no  explosions 
of  combustible  gases  and  nothing  like  a  sheet  of  flame.  We  were 
agreed  that  the  scintillations  in  the  cloud  were  ordinary  lightnings, 
which  shot  from  one  part  of  its  mass  to  another,  and  partly  also  struck 
the  sea  beneath. 

The  most  peculiar  feature  of  these  eruptions  is  the  avalanche  of 
incandescent  sand  and  the  great  black  cloud  which  accompanies  it. 
The  preliminary  stages  of  the  eruption,  which  maj'^  occupy  a  few  da>'s 
or  only  a  few  hours,  consist  of  outlmrsts  of  steam,  fine  dust,  and  stones, 
and  the  discharge  of  the  crater  lakes  as  torrents  of  water  or  of  nuid. 
In  them  there  is  nothing  unusual,  but  as  soon  as  the  throat  of  the 
crater  is  thoroughly  cleared  and  the  climax  of  the  eruption  is  reached, 
a  mass  of  incandescent  lava  rises  and  wells  over  the  lip  of  the  cmter 
in  the  form  of  an  avalanche  of  red-hot  dust.  It  is  a  lava  blown  to 
pieces  by  the  expansion  of  the  gases  it  contains.  It  rushes  down  the 
slopes  of  the  hill,  carrying  with  it  a  terrific  blast  which  mows  down 
everything  in  its  path.  The  mixture  of  dust  and  gas  tehaves  in  many 
ways  like  a  fluid.  The  exact  chemical  composition  of  these  gases 
remains  unsettled.  They  apparently  consist  principally  of  steam  and 
sulphurous  acid.  There  are  many  reasons  which  make  it  unlikely 
that  they  contain  much  oxygen,  and  they  do  not  support  respiration. 

After  visiting  Martinique  we  proceeded  to  Dominica,  where  Dr.  Flett 
visited  the  Souf riere  at  the  south  end  of  the  island  and  the  famous 
Boiling  Lake  and  (Irand  Soufriere.  There  have  been  few  signs  of 
increased  volcanic  activity  here  or  in  St.  Lucia  during  the  recent  erup- 
tions. Dr.  Tempest  Anderson  spent  some  days  in  (irenada  in  an  exam- 
ination of  the  lagoon  at  St.  Georges,  })ut  particulars  regarding  these 
islands  may  be  reserved  till  a  fuller  report  appears. 

DESCRIPTION  OF    THE  PLATRS. 

Plate  I. — }fojU  Pclte  from  the  west. — ^^Faken  from  the  sea  near  Pr^cheur,  a  village 
north  of  fit.  Pierre.  This  view  shows  how  the  mountain  is  cut  up  into  deep  ravines 
l)y  the  tropical  rains.  Part  of  the  summit  is  concealed  by  clouds,  and  the  fissure 
from  which  the  eruption  w'as  procee<ling  was  apparently  behind  and  to  the  right 
of  the  small  central  peak  in  the  background. 

Plate  II. — Moni  Peh'e  from  the  ffouthwesi. — This  photograph  was  taken  from  the  sea 
off  the  mouths  of  the  Riviere  S^che  and  Riviere  Blanche,  which  are  about  2  milesK 
north  of  St.  Pierre.  It  shows  the  rugged  character  of  the  mountain,  the  summit 
of  which  is  concealed  by  clouds.  The  slope  in  the  foreground  is  the  track  of  the 
avalanches  which  descended  from  the  triangular  ( dark-colore<l)  fissure  to  the  right 
of  the  central  peak. 

Plate  III. — Mont  PeUr  in  eruptioji. — Taken  from  a  sloop  off  St.  Pierre  on  the  after- 
noon of  July  9.  It  shows  the  "cauliflower"  shapes  assumed  by  the  clouds  of  dust 
and  steam  as  they  drifted  westward  out  to  sea.  The  lighter-colore<l  cloud  to  the 
east  (or  right)  is  the  trade-wind  cloud  which  so  constantly  covered  the  summit. 
A  small  light-colored  cloud  patch  just  below  this,  on  the  right-hand  (eastern)  side, 
indicates  the  tissuro  from  which  the  erupticm  chiefly  proceede<l.  The  eruptive 
"  avalanche  "  of  volcani(;  material  descende<l  the  slopes  in  the  center  and  rather  to 
the  left  of  the  foreground.     St.  Pierre  is  to  the  right,  outside  the  picture. 
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OuTBLtRBT  OF  Dust-laden  Steam  at  the  Mouth  of  the  Wallibou  River,  St.  Vincent. 

rmm  ■  >ki-u-h  b>-';ti>rEP  rarmll  Curlir.     "Thm'  nuLbuniU  kpiv  the  mull  ciC  the  mlnallnK  of  tbcwaien 
u(  (he  livrr.  Kwvlrn  by  trnplnl  duwniwon.  with  the  hoi  iwh  beds  o[  ilw  May  erupilnng.    This  pATtlc- 

■ook  plare  •bout  S p.  m.  Mavaj,  l»K."— Curtii. 
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By  Israel  C.  Russell, 

Of  the  National  Geographic.  Society  Expedition  to  WeM  Indies, 


The  continuation  of  activity  in  the  case  of  Mont  Pel^e  and  La 
Soufriere  of  St.  Vincent  makes  it  evident  that  it  is  yet  too  early  to 
write  a  final  report  on  their  recent  eruptions.  What  may  be  termed 
a  first  approximation,  however,  to  the  significance  of  the  observa- 
tions concerning  them  already  in  hand,*  may  be  of  interest  to  the 
members  of  the  National  Geographic  Society. 

The  number  of  acthe  craters. — The  first  question  to  which  an  answer 
is  sought  concerning  both  Mont  Pel^e  and  La  Soufriere  is:  Have  the 
recent  eruptions  occurred  from  a  single  and  essentially  a  summit 
crater  in  each  instance,  or  have  secondary  or  subcraters  been  opened 
on  the  sides  of  the  volcanoes,  which  had  a  connection  with  their  con- 
duits? In  the  case  of  La  Soufriere  no  differences  of  opinion  in  this 
connection  have  arisen  among  the  several  observers  who  have  visited 
the  mountain.  The  eruptions  have  all  occurred  in  a  single  crater,  the 
so-called  old  crater,  in  distinction  from  the  one  formed  in  1812.  This 
crater  is  near  the  summit  of  the  mountain,  but  is  partially  encircled 
on  the  northeast  by  a  remnant  of  a  much  older  and  far  larger  cmter, 
which  corresponds  with  Mont  Summaat  Vesuvius,  and  may  be  termed 


a  'Ssomma." 


At  Mont  Pel6e  there  is  also  a  somma,  and  on  its  southwest  side  is 
the  ci'ater  known  as  Etang  Sec,  which  is  now  in  eruption.  A  smaller 
summit  crater,  formerly  occupied  b}'^  Lac  des  Palmistes,  occurs  to  the 
northeast  of  the  one  now  active,  and  corresponds  in  a  general  way 
with  the  crater  of  1812  on  St.  Vincent.  While  several  observers 
have  reported  the  existence  of  at  least  two  subcraters — one  on 
the  east  and  the  other  on  the  southwest  slope  of  Mont  Pelee, 
the  foraier  termed  the  "Falaise  crater"  and  the  latter  the  "Riviere 
Blanche  crater" — a  careful  consideration  of  the  evidence  presented 
fails  to  show  that  these  are  true  centers  of  eruption  having   deep 

« Reprinted  by  permission,  after  revision  by  the  author,  from  the  National  Geo- 
graphic Magazine,  Vol.  XIII,  No.  12,  December,  1902. 

^  A  list  of  the  papers  referred  to  is  presented  at  the  end  of  this  essay. 
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sources.  Great  explosions  have  occurred,  however,  at  each  of  the 
localities  referred  to,  which  have  thrown  large  quantities  of  dust  and 
mud  to  a  height  of  several  hundred  feet,  and  sent  out  vast  volumes  of 
steam  to  a  height  of  many  thousands  of  feet;  but  these  phenomena 
are  seemingly  the  same,  although  marked  by  greater  energy,  as  have 
been  observed  in  a  large  number  of  instances  on  both  Martinique  and 
St.  Vincent,  where  the  hot  dust,  lapilli,  stones,  etc.,  ejected  from  the 
summit  crater  in  each  instance,  have  accumulated  to  a  great  depth  and 
been  invaded  by  surface  water.  While  the  subcraters  mentioned 
should  not,  in  my  opinion,  be  considered  as  true  volcanoes,  they  simu- 
late many  of  the  phenomena  attending  actual  eruptions  from  deep 
conduits.  The  columns  of  steam,  heavily  charged  with  dust  and  mud, 
which  arise  from  them  have  the  convoluted  or  cauliflower  structure, 
and  at  times  expand  at  the  top  and  take  on  mushroom  shapes  in  much 
the  same  manner  as  do  the  columns  of  steam  similarly  charged  with 
rock  fragments  that  are  blown  into  the  air  from  a  primary  crater. 
In  each  case  the  proximate  cause  is  the  same,  namely,  a  steam  explo- 
sion. The  solid  material  blown  into  the  air  in  each  instance  is  also  of 
the  same  nature  for  the  reason  that  the  hot  dust  and  stones,  to  which 
the  superficial  explosions  are  due,  were  supplied  by  the  eruption  of  the 
summit  crater.  Since  the  observed  phenomena  are  so  similar,  it  maj' 
be  asked:  What  is  the  crucial  test  by  which  a  true  crater  may  be  distin- 
guished from  a  pseudocrater  ?  To  formulate  a  definite  answer  to  this 
question  is  diflScult.  Perhaps  the  best  reply  that  can  be  offered  is  that 
the  pseudocraters  are  later  in  the  time  of  their  appearance  than  the 
main  eruptions  which  supplied  the  hot  material  necessary  for  their 
production,  and  that  they  occur  when  the  topographic  conditions 
previous  to  the  eruptions  favored  the  accumulation  of  a  deep  deposit 
of  hot  debris.  In  addition,  on  both  Martinique  and  St.  Vincent  a  com- 
plete gradation  in  size  and  energy  of  the  superficial  steam  explosions 
has  been  observed,  ranging  from  small  gej^ser-like  spoutings  (PI.  I), 
such  as  have  occurred  at  hundreds  of  localities  in  valleys  that  were 
deeply  filled  with  hot  debris,  and  even  on  broad  and  comparativeh' 
smooth  surfaces  covered  with  a  thick  sheet  of  similar  material,  up  to 
the  markedly  energetic  explosions  in  the  valleys  of  the  Falaise  and 
Riviere  Blanche.  In  many  instances  the  smaller  surfa<}e  explosions 
have  been  observed  to  follow  heavy  rains,  and  the  same  is  true  also  of 
the  larger  explosions  referred  to.  The  main  explosions  from  the 
summit  craters  have  not  only  been  vastly  more  energetic  than  SLuy 
that  have  occurred  at  the  sites  of  the  pseudocraters,  but  the  debris 
blown  out  was  incandescent,  while  the  material  thrown  into  the  air  bv 
the  explosions  in  the  hot  accumulations  in  the  river  vallej^s  has  not 
been  observed  to  be  even  red  hot.  The  minor  eruptions  from  the 
summit  crater,  however,  may  be  due  to  precisely  the  same  immediat<> 
cause  as  the  eruptions  of  the  pseudoci*aters — namely,  the  access  of 
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surface  water  to  highly  heated  roek;^.  ^jo  that  an  a|^arentlv  eomplele 
sequence  may  be  observed  between  the  es<*ape  of  steam  from  hot 
debris  and  the  disehai^s  from  true  volcanic  conduits.  It  Ls  thus  seen 
that  the  discovery  of  the  emcial  test  asked  for  is  difficnit,  and  the  final 
decision,  if  one  is  reached^  most  rest  on  a  judicial  balancing  of  all  the 
evidence  and  the  weight  to  be  given  to  the  judgment  of  individual 
obser\"ers.  An  instructive  fact  furnished  by  the  pseudocraters  (even 
when  the  larger  and»  as  some  persons  may  think,  questionable  exam- 
ples are  not  considered)  which  has  a  bearing  on  the  theories  of  the 
ultimate  causes  of  volcanic  eruptions  Ls  the  close  similarity  and,  in 
fact,  identity  that  exists  between  the  explosions  due  to  surface  water 
gaining  access  to  beds  of  hot  debns  and  the  explosions  during  primary 
eruptions  in  the  summit  portions  of  true  volcanic  conduits.  In  the 
former  instances  surface  water  descends  into  hot-rock  debris;  and, 
from  the  fact  that  water  is  present  in  the  superficial  portion  of  the 
earth^s  crust,  it  seems  equally  manifest  in  the  latter  instance  that 
highly  heated  rock  rises  from  deep  within  the  earth  and  meets  the 
surface  waters.     In  each  instance  steam  explosions  result. 

The  conditions  favoring  the  occurrence  of  pseudo-eruptions  and  the 
character  of  the  topographic  changes  produced  by  them  are  clearly 
shown  in  the  sketch  and  section  forming  fig.  2,  PI.  II,  which  accompa- 
nies an  instructive  article  on  the  '*  Secondary  Phenomena  of  the  West 
Indian  Volcanic  Eruptions,'*  bj'  G.  C.  Curtis,^  published  since  the 
present  essay  appeared.  Some  of  the  secondary  craters,  or  '^ash- 
geyser  cones,"  on  Martinique  and  St.  Vincent  are  stated  by  Curtis 
to  be  40  feet  high  and  160  feet  in  diameter,  with  slopes  averaging 
25^  to  30-. 

Yariatlo7i  in  the  eruptions  of  the  primary  cratera. — ^The  variations 
presented  by  the  steam  columns  that  &scend  from  active  volcanoes — 
of  which  the  so-called  pine  tree  of  Vesuvius  is  a  well-known  exam- 
ple— and  which  in  many  instances  afford  the  most  spectac'.ular  of  the 
awe-inspiring  phenomena  associated  with  them,  have  been  described 
by  several  observers  who  have  recently  visited  Martinique  and  St. 
Vincent,  but  most  graphically  by  George  Kennan.  The  variations 
referred  to  are  indicative  of  what  takes  place  in  an  active  crater  and 
in  the  upper  part  of  the  conduit  leading  to  it,  and  furnish  evidence  in 
reference  to  the  changes  there  in  progress.  A  classification  of  the 
various  phases  presented  by  the  steam  column  rising  from  Mont  Pel^e 
has  been  presented  by  the  gifted  traveler  just  referred  to,  which  is 
instructive: 

"  The  vapor  column  ascending  from  Mont  Pel^e,"  writes  Kennan, 
'*  varies  greatly  from  day  to  day  and  sometimes  from  hour  to  hour, 
not  only  in  density,  but  in  color,  form,  and  general  appearance.  In 
its  varying  aspects  it  may  be  described  as  follows: 

"  1.  The  vapor  of  quiescence:  A  slowly  ascending  column  of  pure 

«The  Journal  of  Geology,  Vol.  XI,  February-March,  1903,  pp.  199-216. 
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white  8team,  which  has  neither  sharp,  clearly  defined  outlines,  nor 
puff-like  convolutions,  and  which  suggests  steam  rising  from  the  hot 
water  of  a  geyser  basin  or  from  the  escape  pipe  of  a  big  ocean  steamer." 

The  explanation  of  the  occurrence  of  such  a  column  from  a  crater 
of  the  type  of  the  one  at  the  summit  of  Mont  Pel^e,  a  sketch  of  which 
by  Varian  is  herewith  given  (fig.  1,  PI.  II),  seems  to  be  that  the  top 
of  the  lava  column  is  well  below  the  bottom  of  the  crater,  and  that 
the  hot  rocks  are  discharging  steam,  owing  to  the  contact  with  them 
of  water  percolating  in  from  the  crater  walls  or  falling  as  rain.  The 
generation  of  steam  is  a  surface  phenomena,  and  due  essentially  to  the 
same  cause  as  the  escape  of  steam  from  hot  debris  ejected  by  a  volcano 
and  accumulating  in  valleys,  etc.  The  notable  feature  is  the  absence 
of  convolutions  and  more  or  less  individualized  fleece-like  masses  in 
the  ascending  column,  such  as  are  produced  b}^  small  steam  explosions 
from  liquid  lava,  as  U  frequently  the  case  at  Vesuvius. 

"2.  The  vapor  of  moderate  activity:  A  column  of  greater  densit}^ 
and  somewhat  darker  color,  which  rolls  and  unfolds  a  little  as  it  rises, 
and  looks  like  steam  mixed  with  brownish  or  yellowish  smoke  from 
the  chimney  of  a  manufactory." 

This  stage  may  reasonably  be  supposed  to  indicate  conditions  simi- 
lar to  those  mentioned  in  the  first  instance,  but  more  intense.  A  con- 
siderable volume  of  water  gaining  access  to  the  deep  funnel-shaped 
crater  might  not  be  vaporized  before  descending  to  the  summit  of  the 
column  of  liquid  or  but  partially  congealed  column  of  rock  within  the 
conduit,  and  energetic  explosions  result.  The  steam  columns  indica- 
tive of  moderate  activity  thus  correspond  with  the  colunms  produced 
by  the  maximum  explosions  of  pseudo-craters.  The  inner  slope  of  the 
crater  of  Mont  Pel6e  is  precipitous,  and,  as  several  observers  have 
reported,  portions  of  its  walls  overhanging.  The  fall  of  blocks  of 
rocks  from  the  crater  walls  would  no  doubt  cause  a  conspicuous  col- 
umn of  dust-laden  steam  to  ascend. 

^'3.  The  vapor  of  dangerous  activity:  A  sharj)ly  defined  dark- 
yellow  column  of  what  appears  to  be  liquid  mud,  which  boils  out  of 
the  volcano  in  huge,  rounded  masses,  swelling  and  evolving  in  immense 
convolutions  as  it  rises — one  gigantic  mud  bubble  breaking  up  out  of 
another  in  turn — until  over  the  crater  there  stands  a  solid  opaque  pil- 
lar of  boiling,  unfolding,  evolving  mud  vapor  500  feet  in  diameter 
and  eight  or  ten  thousand  feet  in  height." 

The  appearance  of  the  volcano  during  the  stage  here  described  is 
illustrated  by  sketch  by  Varian,  forming  PI.  IV,  and  by  fig.  1,  PI.  III. 
When  such  a  debris-charged  steam  column  rises  from  a  crater  there 
is  no  question  as  to  the  presence  of  a  conduit  leading  down  deep  into 
the  earth.     The  pseudo-craters  never  reach  such  intensity. 

'^4.  The  vapor  of  great  eruptions:  A  straight-sided  shaft  of  very 
Ki««u  ".Moke  (dust-charged  steam),  which  shoots  up  out  of  the  crater 
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with  a  tremendous  velocity,  like  the  smoke  of  a  collossal  piece  of 
artillery  fired  heavenward.  This  shaft  goes  to  a  height  of  fifteen  or 
twenty  thousand  feet,  and  then  mushrooms  out  laterally,  so  as  to 
cover  a  circle  50  miles  or  more  in  diameter,  with  a  volcanic  canopy 
which  is  as  dark  as  the  hlackest  thunder  cloud  and  which  shuts  out 
the  light  of  day  like  a  total  eclipse.  The  projectile  force  in  eruptions 
of  this  kind  is  so  great  that  it  throws  the  black  vapor  far  above  the 
influence  of  the  trade  winds,  and  the  advancing  edge  of  the  volcanic 
mantle  moves  swiftly  eastward  2  miles  or  more  above  the  fleecy  trade- 
wind  clouds  that  are  drifting  in  the  opposite  direction." 

« 

Something  of  the  terrifying  grandeur  of  a  great  eruption  described 
above  is  suggested  by  a  sketch  forming  PI.  V.  In  the  making  of  such 
a  column  the  volume  of  water  and  of  comminuted  rock  required  is 
enormous.  The  volume  of  the  column  is  in  the  neighborhood  of 
4,000,0(X),(K)0  cubic  feet. 

If  1  per  cent  of  the  column  is  solid  matter,  it  equals  40,000,000  cubic 
feet— equals  3,000,00(}  tons. 

If  10  per  cent  of  the  column  is  solid  matter,  it  equals  4(.K),()00,000 
cubic  feet — equals  30,000,000  tons. 

To  be  sure,  we  have  no  accurate  measures,  our  information  being 
almost  entirely  qualitative;  but  as  such  a  column  as  is  referred  to  has 
been  observed  to  reach  a  height  by  estimate  of  10,000  feet  in  two 
minutes,  it  ma^-  seemingly  be  safely  assumed  that  it  reached  its  full 
development  in  less  than  five  minutes.  The  coarser  of  the  solid  mat- 
ter first  shot  out  then  begins  to  fall,  and  the  form  of  the  colunm  is 
maintained  by  new  matter  driven  upward  from  the  crater.  Thus 
during  each  five  minutes  of  an  eruption  some  4,000,000,000  cubic  feet 
of  debris-laden  steam  were  expelled  from  the  crater.  The  average 
duration  of  such  eruptions  is  not  known,  but  in  certain  instances  they 
continued  for  a  considerable  fraction  of  an  hour.  During  each  hour 
that  Mont  Pelee  or  La  Soufriere  was  in  full  blast  something  like 
48,000,000,000  cubic  feet  of  dust  and  stone  laden  steam  were  driven 
out.  Only  guesses  can  be  made  as  to  the  amount  of  solid  matter  the 
steam  contained.  Shall  we  assume  1  per  cent  or  10  per  cent^  Most 
observers  would  agree,  I  fancy,  not  only  that  the  latter  was  nearer 
the  truth  than  the  former  estimate,  but  that  the  true  measure  is  in 
excess  of  the  larger  of  the  two. 

The  material  extruded  in  a  solid  condition,  as  will  be  shown  later,  is 
fresh  lava  which  came  from  deep  within  the  earth;  but  mingled  with 
it  are  rock  fragments  that  were  torn  from  the  walls  of  the  conduits 
through  which  the  discharges  occurred.  The  per  cent  of  old  lava 
among  the  ejected  solids  seems  to  be  greater  on  St.  Vincent  than  on 
Martinique.  In  harmony  with  this  is  the  larger  size  of  the  crater  of 
La  Soufriere  in  comjmrison  with  that  of  Mont  Pelee. 

The  columns  of  steam  of  Kennan's  type  No.  4  thus  t*how  that  great 
volumes  of  rock  are  rising  from  deep  within  the  earth  and  being  blown 
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into  the  air.  If,  as  seems  probable,  the  energy  displayed  by  steam 
columns  of  the  No.  2  type  is  all  than  can  be  supplied  by  the  steam  pro- 
duced from  rain  and  percolating  water  in  the  upper  part  of  the  con- 
duit, it  follows  that  during  explosions  of  the  No.  3  type  both  rock  and 
steam  are  rising  from  a  depth  in  the  volcanic  conduits.  Presumabl^'^, 
then,  during  eruptions  of  the  types  No.  3  and  No.  4  molten  rock  is  being 
forced  up  within  the  conduit  of  a  volcano  and,  owing  to  relief  of  pres- 
sure as  it  rises,  the  steam  dissolved  in  the  molten  magma  escapes  with 
tremendous  violence.  There  are  thus  two  sources  for  the  steam  which 
furnish  the  energy  displayed  in  the  summit  portions  of  ascending  lava 
columns — one  from  the  rain  and  percolating  water,  and  the  other  from 
a  deeper  but  unknown  source.  But  this  attempt  to  follow  the  volcanic 
conduits  downward  in  fancy  has  brought  us  to  the  region  of  specula- 
tion and  it  is  time  to  stop,  at  least  for  the  present. 

To  the  four  types  of  volcanic-steam  columns  described  above,  a  fifth 
might  be  added  to  include  volcanic  explosions  like  that  of  Krakatoa. 

Products  of  th-e  eruptions, — The  material  discharged  from  Mont 
Pelee  and  La  Souf  riere  may  be  divided  into  two  portions — first,  steam 
and  gases,  and,  second,  solid  rock  d6bris.  Up  to  the  present  time  no 
observations  indicate  that  molten  rock  has  been  extruded;  that  is,  no 
lava  streams  have  flowed  over  the  surface  from  the  crater  of  either 
volcanoes  or  issued  from  fissures  in  their  sides. 

As  to  the  discharge  of  vast  volumes  of  steam,  there  is  no  difference 
of  opinion  to  be  formed  in  the  various  reports  already  rendered. 
Observers  who  have  visited  the  craters  from  which  the  recent  erup- 
tions came,  and  have  even  ventured  within  them,  report  only  faint 
traces  of  gases.  The  conditions,  however,  between  the  time  when  a 
crater  is  quiescent  and  when  violent  explosions  occur  within  it  are 
no  doubt  different,  and  as  yet  but  little  evidence  concerning  the  gases 
that  may  have  been  present  during  the  times  of  most  violent  activity 
has  been  obtained.  The  most  that  can  be  accepted  in  this  connection 
is  a  plainly  perceptible  odor  of  sulphurous  acid  noticeable  in  the  air, 
even  at  a  distfince  of  some  8  miles  at  sea,  when  the  volcanoes  were  in 
a  comparatively  mild  state  of  activity  and  while  walking  over  the 
debris  they  showered  on  their  respective  islands.  A  much  fainter 
odor  of  sulphuretted  hydrogen  is  reported  to  have  been  present,  as,  for 
example,  among  the  ruins  of  St.  Pierre,  but  whether  due  to  gas  emit- 
ted from  the  volcano  or  arising  from  organic  matter  buried  beneath 
the  still  hot  debris  is  not  clear.  The  presence  of  carbon  dioxide, 
although  asserted  or  surmised  to  have  been  discharged  during  the 
greater  eruptions,  has  not  been  proven.  The  consideration  of  all  the 
available  evidence  points  strongly  to  the  conclusion  that  steam  was  the 
chief  vaporous  or  gaseous  su})stjin(^e  emitted,  but  mingled  with  it  were 
minor  quantities  of  sulphurous  and  no  doubt  other  gases. 

In  the  above  coimection  it  should  l)e  noted  tliat  flames  above  the 
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summit  of  both  Mont  Pel<5e  and  La  SoufriSre  have  been  reported  by 
sevei-al  trustworthy  witnesses.  If  the  appearances  referred  to  were 
in  reality  flame,  and  not  glowing  dust  or  the  reflection  of  the  light 
from  incandescent  rocks  on  vapor,  it  is  evident  that  inflammable  gases 
were  present.  No  spectroscopic  observations  seem  to  have  been  made, 
however,  and  until  this  is  done  the  evidence  as  to  the  presence  of 
inflammable  gases  in  notable  quantity  must  be  received  with  caution. 

The  reports  that  Mont  Pel^e  and  La  Soufriere  discharged  mud  are 
probabl}^  correct  so  far  as  would  appear  from  a  distance,  yet  the  true 
meaning  would  seem  to  be  that  such  eruptions  were  of  the  nature  of 
the  explosions  in  the  pseudo-crater  or  in  the  true  ci^at-ers  during  inter^ 
vals  between  the  eruptions  from  a  deep  source.  Hot  dust  and  lapilli 
accumulating  in  a  cmter  during  quiescent  stages  would  furnish  most 
favorable  conditions  for  the  producing  of  superficial  explosions  where 
rain  occurred  or  springs  entered  a  crater  from  its  sides,  as  has  })een 
observed,  and  would  produce  eruptions  similar  to  those  of  the  pseudo- 
crater,  and  nmd  flows  might  result.  It  is  evidently  not  to  bo  inferred 
that  either  of  the  volcanoes  in  question  has  erupted  nmd  from  a 
deeply  seated  source. 

The  solid  matter  discharged  from  Mont  Pelee  aiul  La  Soufriere  is 
almost  entirely  in  the  condition  of  angular  fragments  varying  in  size 
from  those  weighing  in  the  neighborhood  of  1,000  tons  to  the  linest 
of  dust  particles.  The  fmgmental  material  is  of  two  classes:  First, 
fragments  of  the  rocks  torn  from  the  walls  of  the  conduits  through 
which  the  upward  rush  of  debris-charged  steam  occurred;  and,  second, 
fragments  of  hardened  lava  which  had  been  forced  upward  into  the 
conduits  in  a  plastic  condition  and  shattered  and  blown  out  by  the 
escaping  steam.  In  addition  to  the  angular  fragments  of  fresh  lava, 
minor  quantities  of  more  or  less  spherical  masses  of  similar  material, 
which  were  projected  into  the  air  while  yet  moderately  plastic,  have 
also  been  observed.  While  the  term  volcanic  bomb  has  l)een  applied 
to  much  of  the  ejected  material,  it  is  evident  that  only  the  somewhat 
spherical  masses  referred  to  deserve  to  be  so  called,  and  even  in  such 
instances  there  is  doubt  as  to  the  propriety  of  using  the  term.  Typ- 
ical volcanic  bom})s  have  a  round  or  oval  form,  with  extended  and 
spiitilly  twisted  projections  at  the  ends  of  the  longer  axis,  the  spher- 
ical or  more  commonly  oval  form  and  the  spii^ally  twisted  extremities 
being  due  to  the  rotation  of  the  mass  during  its  a(}rial  flight  and  while 
yet  plastic.  No  projectiles  answering  this  description  have  as  yet. 
been  reported  as  occurring  on  Martinique  or  St.  Vincent.  The  near- 
est approach  to  a  characteristic  bomb  are  certain  rudely  spherical 
masses  of  lava  with  ci*acked  surfaces  (fig.  2,  PI.  Ill)  and  without  pro- 
jections or  indications  of  a  spiral  twist.  Evidently  these  poori^'  shaped 
}K)mbs  are  composed  of  fresh  lava  which  was  sufliciently  hot  to  make  it 
somewhat  plastic  at  the  time  it  was  blown  into  the  air,  but  was  too 
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rigid  to  acquire  the  typical  shape  frequently  to  be  seen  in  large 
numbers  of  bombs  about  certain  basaltic  craters. 

The  absence  of  characteristic  bombs  on  Martinique  and  St.  Vincent 
is  in  keeping  with  the  composition  of  the  lava  thrown  out.  The  fresh 
lava  is  an  andesite,  having  in  a  general  way  the  composition  of  a 
refractory  brick,  and  unless  very  highly  heated  would  not  be  plastic. 
The  dark  color  of  the  columns  of  steam  rolling  up  from  the  craters 
when  in  violent  eruption,  and  the  vast  quantities  of  fragmental 
material  showered  on  the  adjacent  land  and  sea  is  evidence  that  as 
molten  robk  was  forced  up  the  volcanic  conduits  it  became  cooled  and 
stiffened  before  reaching  the  summits  of  the  volcanoes  and  was  shat- 
tered by  steam  explosions,  and  the  fragments  blown  into  the  air.  Not 
only  are  true  volcanic  bombs  absent,  but  clots  and  splashes  of  plastic 
or  fluid  rocks,  such  as  are  common  about  many  volcanoes  that  have 
eruptefd  easily  fusible  material,  are  also  lacking. 

The  fragrtients  ejected  were  in  many  instances  blown  to  a  height  of 
many  thousands  of  feet,  the  finer  lapilli  and  dust  being  carried  perhaps 
5  or  6  miles  high,  and  on  falling  were  distributed  in  part  through  the 
influence  of  the  winds,  in  a  general  way  in  reference  to  size  and  weight. 
The  larger  and  heavier  masses  fell  near  the  craters  from  which  they 
were  projected,  while  much  of  the  finer  and  lighter  material  was  car- 
ried great  distances.  Variations  in  the  method  of  distribution  were 
caused  by  the  direction  of  the  hurricane-like  blasts  which  swept  down 
from  bothMont  Pel^e  and  La  Souf  riere  during  their  mightier  eruptions, 
by  the  direction  of  the  tirade  winds  and  upper-air  currents,  and  by 
tornado-like  swirls  in  the  greatly  disturbed  atmosphere.  •  Immediately 
following  each  great  eruption,  also,  there  was  a  strong  indraft  of  cool 
air  from  about  the  region  covered  with  hot  debris.  The  vastness  of  the 
area  on  which  the  ejected  material  fell  is  indicated  by  the  fall  of 
dust  on  Barbados,  Trinidad,  and  on  ships  275  miles  southeast  of  St, 
Vincent. 

Observations  reported  by  E.  O.  Hovey  show  that,  contrary  to  earlier 
accounts,  written  in  part  by  myself,  coarse  material  fell  in  St.  Pierre. 
The  riddling  of  boiler  plates  one-fourth  inch  thick  (PI.  VI),  in  the 
northern  portion  of  the  stricken  city,  by  stone  shot  against  them  from 
Mont  Pelee,  is  evidence  that  the  hurricanes  of  steam  charged  with  hot 
dust,  which  swept  down  from  that  volcano  on  May  8  or  May  20,  and 
perhaps  during  later  eruptions,  were  accompanied  by  a  bombardment 
of  stones,  no  doubt  hot,  which  were  as  deadly  as  solid  shot  fired  from 
a  cannon.       • 

Games  of  cUath, — Respecting  the  general  cause  of  death  in  St. 
Pierre,  the  reports  of  various  observers  differ  more  widel}'-  than  in 
connection  with  any  other  occurrence  associated  with  the  eruption  of 
Mont  Pelee,  unless  it  be  in  reference  to  the  secondary  craters  referred 
to  above.     Obviously  many  deaths  occurred  in  St.  Pierre  from  the 
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bombardment  of  missiles  that  swept  through  the  city,  as  just  men- 
tioned, from  the  falling  of  walls  and  other  objects,  from  the  fire  that 
followed  the  volcanic  blast,  from  nervous  shock,  etc.;  but  opinions 
differ  as  to  the  principal  cause  of  the  loss  of  life.  The  opinions 
referred  to  fall  in  two  groups:  (a)  Those  favoring  the  idea  that  gases 
were  the  deadly  agency,  and  (6)  those  which  refer  the  loss  of  life 
to  the  effects  of  steam  charged  with  hot  dust. 

(a)  Certain  observers  are  strongly  inclined  to  the  opinion  that  Mont 
Pel^e,  or  more  accurately,  the  ''  Riviere  Blanche  subcrater,"  discharged 
gases  which  asphyxiated  the  inhabitants  of  St.  Pierre.  As  to  the 
nature  of  the  supposed  gases,  at  least  two  suggestions  have  been  made — 
one  that  it  was  mainly  sulphureted  hydrogen,  and  the  other,  carbon 
dioxide  or  some  similar  gas.  Coupled  with  ihe  first  of  these  sugges- 
tions is  the  further  hypothesis  that  gas  explosions  took  place  within 
the  city  and  added  to  the  deadly  effect  of  the  asphyxiating  gases.  The 
hypothesis  that  gases  were  the  direct  caiise  of  the  greater  part  of  the 
loss  of  life,  as  claimed  at  St.  Pierre,  has  not,  so  far  as  I  am  aware,  been 
extended  to  St.  Vincent,  but  the  dead  and  the  injured  on  the  two 
islands  met  their  fate  in  precisely  similar  ways.  The  evidence  bearing 
on  the  question  under  consideration  has  been  judiciousl}"  discussed  by 
George  Kennan,  and  the  testimony  of  the  sole  survivor  of  the  disaster 
of  May  8  placed  on  record.  Had  noxious  gases,  and  especially  such 
heavy  ones  a.s  carbon  dioxide  and  sulphureted  hydrogen,  been  swept 
over  the  city  in  sufficient  quantities  to  kill  nearly  all  the  inhabitants, 
it  is  evident  that  the  oex!tupant  of  a  cell  below  the  level  of  the  adjacent 
street  would  have  been  in  a  most  dangerous  position.  The  testimony 
of  the  prisoner  referred  to,  as  summarized  by  Kennan,  after  a  critical 
cross-examination,  is  that  he  ''  heard  no  explosions  or  detonations;  saw 
no  flame;  smelled  no  sulphurous  gas;  and  had  no  feeling  of  suffocation. 
He  was  simply  burned  by  hot  air  and  hot  ashes  which  came  into  his 
cell  through  the  door  grating." 

It  is  impracticable  to  review  in  this  essay  all  the  evidence  which  it 
is  claimed  sustains  the  hypothesis  of  asphyxiation  by  gases.  This 
side  of  the  discussion,  however,  has  been  well  presented  by  R.  T.  Hill 
in  the  National  Geographic  Magazine,  in  the  Century  Magazine,  and 
in  Collier's  Weekly,  and  by  Angelo  Heilprin  "  in  McClure's  Magazine. 
(See  list  at  end  of  this  essay.) 

(i)  The  efficiency  of  steam  charged  with  hot  dust,  or  of  either  of 
these  agencies  alone,  to  cause  scalds,  burns,  and  even  instantaneous 
death,  is  not  open  to  doubt.  The  question  is:  Was  the  steam  and  hot 
dust  swept  over  the  portions  of  Martinique  and  St.  Vincent  at  the  time 
so  many  thousand  people  were  killed  the  chief  agency  in  their  destruc- 
tion ?     Cumulative  evidence  has  been  added  to  the  various  classes  of 


«  Since  this  was  written  Heilprin  has  published  his  highly  instructive  book,  Mont 
Pel^e  and  the  Tragedy  of  Martinique,  in  which  the  principal  cause  of  death  in  St. 
Pierre,  Mome  Rouge,  etc.,  is  ascribed  to  dust-laden  steam. 
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facts  presented  by  me  in  the  July  number  of  this  magazine,^  which 
sustains  (conclusions  then  reached.  I  refer  to  the  narrative  of  George 
Kennan  published  in  the  Outlook  for  August  16,  the  preliminary  report 
made  by  Tempest  Anderson  and  J.  S.  Flett  to  the  Royal  Society  of  Lion- 
don,  and  the  preliminary  report  made  by  E.  O.  Hovey  to  the  American 
Museum  of  Natural  History.  Although  frankly  confessing  that  I  am 
not  an  unbiased  judge  of  the  printed  testimony,  yet  it  seems  fair  to 
claim  that  the  evidence  presented  is  conclusive  as  to  the  important 
part  taken  by  steam  and  hot  dust  in  the  sudden  destruction  of^the  peo- 
ple of  St.  Vincent  on  May  7  and  of  the  inhabitants  of  St.  Pierre  on 
May  8. 

Dimynward  vohanlc  hhuita. — Intimately  associated  with  the  destruc- 
tion of  St.  Pierre  is  the  direction  taken  by  the  blast  of  dust-charged 
steam,  with  its  volleys  of  stones,  which  swept  over  the  city.  The 
hypothesis  that  St.  PieiTe  was  destroyed  by  an  eruption  from  the 
"  Riviere  Blanche  subcrater"  being  rejected,  *;nd  the  further  sugges- 
tion, based  on  the  earlier  reports  in  ref**»mce  to  the  opening  of  a  fis- 
sure in  the  side  of  the  mountain,  not  finding  support  in  later  evidence, 
the  way  is  cleared  for  a  better  understanding  of  the  true  cause  of  the 
direction  taken  by  the  down  blast  that  came,  as  now  seems  definitely 
proven,  from  the  Etang  Sec,  which  is  essentially  a  summit  crater. 

To  understand  the  nature  of  the  volcanic  blast  which  destroyed  St. 
Pierre,  one  needs  to  visit  the  region  swept  by  a  similar  eruption  on 
St.  Vincent.  The  volciinoes  on  these  two  islands  have  not  only  shown 
a  din»ct  relationship  in  the  times  of  their  eruptions,  but  the  surface 
phenomena  exhibited  })y  one  is  the  counterpart  of  what  took  place  in 
the  case  of  the  other.  Happily  on  St.  Vincent,  however,  there  was 
no  densely  populated  cit}'  within  the  I'adius  of  greatest  destruction. 

On  St.  Vincent  the  region  throughout  which  the  previously  luxu- 
riant vegetation,  plantations,  etc.,  were  swept  away  or  burie<l  beneath 
hot  dust  and  stones,  encircles  the  mountain.  The  direction  in  which 
trees  were  swept  down,  and  on  the  periphery  of  the  devasted  area  the 
erosion  of  the  l)ark  of  tree^  still  standing,  on  the  side  facing  the  vol- 
cano, as  well  as  much  other  evidence,  show  in  a  most  conclusive  man- 
ner that  a  lilast  charged  with  dust  and  stones  swept  down  the  slo|x»s 
of  La  Soufriere  in  all  directions.  The  influence  of  hills  at  a  distance 
of  some  4  or  5  miles  from  the  volcano  in  shielding  the  vegetation  on 
their  slopes  facing  away  from  it  shows  that  the  topography  of  the 


«It  waa  impracticable  for  me  to  read  the  proof  of  the  article  referred  to,  and  in  the 
titles  of  some  of  the  illustrations,  especially,  there  are  serious  emirs.  In  the  title  ot 
the  plate  opposite  page  278,  "  Georgetown  "  should  t)e substituted  for  ** Kingstown;" 
the  title  of  the  plate  opposite  page  282  should  be  **  Valley  of  Wallibu  River  deeply 
filled  with  hot  d^'bris;"  on  page  284  the  title  of  the  illustration  should  "  Summit  of 
Mome  d'Orange,  St.  Pierre."  The  map  on  page  282  fails  to  show  the  area  at  tlie 
north  end  of  St,  Vincent,  as  indicated  on  the  original,  which  was  not  devastated,  au<l 
is  much  generalissed  in  other  ways. — I.  C.  R. 


Statue  of  Our  Lady  of  the  Watch,  Morne  d'Orange,  South  End  of  St.  Pierre. 

Tlii!<  sUMw.  wclfthlny  wverni  tons,  nas  hiirird  W  ffcl  by  Hit'  WriiKc  tiluil  o[  May  K,  imz.     Photngrapb 
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land  controlled,  in  a  meaaure,  the  direction  taken  })y  the  volcanic 
winds.  The  presence  of  a  partially  encircling  ridge  or  sojnma,  on 
the  northeast  side  of  the  volcano,  seemingly  accounts  for  the  escape 
from  destruction  of  a  narrow  fringe  about  the  northeast  border  of  the 
island.  The  outward  direction  that  the  blast  took  from  the  mountain, 
its  decreasing  intensity  with  increase  in  the  distance  it  ti*aveled,  and 
the  absence  of  even  hypothetical  subcraters,  all  bear  witness  that  the 
heavily  dust  and  stone  charged  steam  from  the  old  crater  near  the 
summit  swept  downward  and  outward  with  hurricane  force,  in  a 
similar  way  to  the  more  localized  blast  from  Mont  Pelee  which 
destroyed  St.  Pierre. 

The  one  conspicuous  feature  of  Mont  Pelee  which  differs  from  any- 
thing on  La  Soufriere  is  the  presence  in  the  southwest  portion  of  its 
active  crater  of  a  deep  notch — the  Fente  or  Terre  Fendue — which,  as 
stated  by  Heilprin,  has  been  a  conspicuous  feature  of  the  mountain 
since  the  eruption  of  1851,  and  may  have  existed  previous  to  that 
event.  This  cleft  is  in  plain  view  from  St.  Pierre,  and  during  my 
visit  to  the  dead  city  one  could  look  into  it  and  plainly  see  the  ruddy 
cone  of  eruption  with  its  ascending  steam  column  that  was  being  built 
within  the  crater.  The  area  rendered  desolate  by  the  hot  blast  from 
Mont  Pel6e  on  May  8,  and  again  swept  over  by  a  similar  blast  on  May 
20,  is  fan-shaped,  the  apex  of  the  triangle  being  essentially  at  the 
summit  of  the  mountain.  The  coincidence  between  the  position  and 
direction  of  the  Fente  and  the  apex  of  the  expanding  volcanic  blasts 
may  well  be  considered  significant.  From  the  various  accounts  of  the 
eruptions  of  Mont  Pel^e  available,  it  now  seems  evident  that  the 
blasts  which  destroyed  so  much  of  the  vegetation  of  Martinique  and 
wrought  havoc  in  St.  Pierre  came  from  the  crater  with  a  deeply 
notched  rim,  and  that  the  direction  taken  by  the  ])lasts,  at  least  on 
May  8  and  May  20,  was  determined  by  that  rift  in  the  crater's  rim. 

As  stated  by  T.  A.  Jaggar,  the  downward  blasts  from  volcanoes  do 
not  require  a  horizontal  nozzle  to  project  them.  •'The}^  are  simply 
the  result  of  the  down  blast  after  the  heav}'  gravel  has  begun  to  fall, 
acting  against  the  upblast  from  the  throat  of  the  volcano,  and  both 
together  deflected  and  thrown  into  terrific  whirls  or  tornadoes.''  This 
explanation,  although  briefly  stated,  may  seemingly  be  tjiken  as  the 
leading  cause  of  the  downward  sweep  of  the  steam  charged  with  rock 
fragments  on  l)oth  Mont  Pelee  and  La  Soufriere.  It  does  not  seem 
clear,  however,  that  the  down  blasts  occur  only  after  a  towering 
column  of  debris-charged  steam  has  reached  a  great  height  and  the 
fall  of  the  heavier  material  within  it  has  begun.  Then,  again,  it  may 
be  asked  why  it  is  that  every  strong  eruption  is  not  followed  by  a 
down  blast. 

Variations  in  the  character  of  volcanic  eruptions  of  the  type  under 
consideration  occur  on  account  of  variations   in  the  energy  of  the 


342       VOLCANIC  EBUPTION8  OK  MARTIiaQUE  AND  ST.   VINCENT. 

explosions  and  the  de^ee  to  which  the  a.scendiug'  steam  is  debris- 
charged.  If  the  energy  is  great  and  the  upward  propelling  force 
essentially  constant,  it  may  well  be  inferred  that  the  column,  as 
explained  by  Jaggar,  will  attain  a  great  height  }>efore  the  resistance  it 
offers  to  the  ascent  of  fresh  material  causes  an  expansion  at  the  base. 
If,  however,  the  steam  driven  out  at  any  stage  in  an  irruption  is  exces- 
sively loaded  with  debris,  an  expansion  and  overflow  at  the  rim  of  a 
crater  might  (KH*ur,  no  matter  whether  the  fall  of  pre\'iously  discharged 
material  from  aloft  had  begun  or  not.  The  essential  feature  in  a  down 
blast  from  a  crater  seems  to  be  that  heavilv  debris-charored  steam 
behaves  in  many  ways  like  a  liiud  and  will  flow  down  steep  gradients 
and  acquire  great  velocity  when  the  slope  and  other  features  of  the 
surfeice  over  which  it  progresses  are  fav^orable.  The  gradients  on 
the  slopes  of  Mont  Pelee  and  La  Soufriere,  within  the  zone  of  destruc- 
tion in  eai*h  case,  are  about  1,(K)0  feet  to  a  mile,  and.  as  seems  evident, 
the  Anally  accepted  explanation  as  to  the  controlling  condition  which 
gave  direction  to  the  blasts  whicli  swept  them  will  include  the  prin- 
ciple just  stated.  In  this  connei'tion  it  is  instructive  to  note  certain 
obflervations  maiie  bv  Messrs.  Anderson  and  Flett,  commLssioners  sent 
bv  the  Roval  Societv  of  London  to  studv  the  recent  eruptions.  On 
the  evening  of  July  i)  these  gentlemen  were  on  a  vessel  near  Carliet 
and  witnessed  an  eruption  of  Mont  Pelee. 

""As  the  darkness  deepened,  a  dull  red  reflection  was  seen  in  the 
trade-wind  cloud  which  covered  the  mountain  summit.  This  })ecanie 
brighter  and  brighter  and  soon  we  saw  red-hot  stones  projet*ted  from 
the  crater,  bowhng  down  the  mountain  slopes  and  giving  off  glowing 
sparks.  Suddenly  the  cloud  was  brightly  illuminated,  and  the  sailors 
cried,  '•The  mountain  burstsi'  In  an  incredibly  short  space  of  time  a 
red-hot  avalanche  swept  down  to  the  sea.  VVe  could  not  see  the 
summit  owing  to  the  intervening  veil  of  cloud;  but  the  tisvsure  and 
the  lower  parts  of  the  mountain  were  clear,  and  the  glowing  cataract 
poured  over  them  right  down  to  the  shore  of  the  bay.  It  was  dull 
red,  with  a  billowy  surface,  reminding  one  of  a  snow  avalanche.  In 
it  there  were  large  stones,  which  stood  out  as  streaks  of  bright  n^d, 
tumbling  down  and  emitting  showers  of  sparks.  In  a  few  minutes  it 
was  over.  A  low,  angrv  growl  had  burst  from  the  mountain  when 
this  avalanche  was  lanncfied  from  the  crater.'' 

The  time  occupied  by  the  avalanche  to  reach  the  sea  was  ••pt>ssibly 
a  couple  of  minutes.     It  could  not  hav^e  been  much  more.''    ♦     »     « 

"There  is  no  doubt  that  the  eruption  we  witnessed  was  a  counter- 
part of  that  which  destroyed  St.  Pierre.  *  *  *  The  most  peculiar 
feature  of  these  eruptions  is  the  avalanche  of  incandescent  sand  and 
the  great  black  cloud  which  accompanies  it.  The  preliminary  stages 
of  the  eruption,  which  may  occupy  a  few  days  or  only  a  few  hours, 
consist  of  outbursts  of  steam,  fine  oust  and  stones,  and  the  discharge  of 
the  crater  lakes  or  torrents  of  water  or  mud.  In  them  there  is  noth- 
ing unusual,  but  as  soon  as  the  throat  of  the  crater  is  reat*hed,  a  mass 
of  incandescent  lava  rises  and  rolls  over  the  lip  of  the  crater  in  the 
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forai  of  an  avalanche  of  red-hot  dust.  It  is  a  lava  blown  to  pieces  by 
the  expansion  of  the  gases  it  contains.  It  rushes  down  the  slopes  of 
the  hill,  carrying  with  it  a  terrific  blast,  which  mows  down  eyer3*thing 
in  its  path.  The  mixture  of  dust  and  gases  behaves  in  many  waj^s 
like  a  fluid.  The  exact  chemical  composition  of  these  gases  remains 
unsettled.  They  apparently  consist  principally  of  steam  and  sulphurous 
acid."     *    *     * 

The  account  just  quoted  of  a  typical  down-blast  from  a  volcano, 
seen  under  favorable  conditions  by  trained  observers,  is  perhaps  the 
best  evidence  on  record  from  which  to  judge  of  the  nature  of  certain 
phases  of  several  of  the  recent  eruptions.  In  the  instance  cited  there 
does  not  seem  to  have  been  a  lofty  column  of  dust-charged  steam 
standing  above  the  summit  of  the  hiountain  which  deflected  the 
upward  blast  from  the  vertical  conduit  of  the  volcano,  but,  owing  to 
the  densit)^  of  the  mixture  of  steam  and  dust  driven  out,  it  overflowed 
the  lip  of  the  crater  and  rolled  down  the  mountain  side.  That  is  one 
condition,  as  previously  stated,  which  may  bring  about  a  marked  vari- 
ation in  the  nature  of  an  eruption,  and  in  fact  furnish  the  chief  con- 
trol of  the  secondary  phenomena — the  density  with  which  the  steam 
extruded  is  charged  with  solid  matter.  This  condition  may  obtain 
control  even  when  the  explosive  violence  is  not  enough  to  drive  the 
dust-laden  steam  to  a  great  height.  The  degree  of  comminution  would 
no  doubt  be  another  factor  influencing  the  result.  The  finer  the  solid 
material  was  comminuted,  the  more  fluid-like  would  be  the  mixture. 

In  an  eruption  like  that  described  above  the  topography  may  exert 
a  decided  influence.  During  eruptions  of  great,  but  of  not  the  maxi- 
mum, intensity  the  deep  notch  in  the  southwest  portion  of  the  rim  of 
the  active  ci'ater  of  Mont  Pelee  would  give  direction  to  the  escaping 
dust-charged  steam  and  determine  the  course  the  expanding  avalanche 
would  take.  In  the  absence  of  such  a  notch,  as  in  the  ease  of  La  Sou- 
f riere,  the  overflow  would  be  radial.  A  more  intense  eruption  from 
Mont  Pelee  might  also  be  radial,  the  notch  in  its  rim  failing  to  influ- 
ence so  completely  the  direction  taken  by  the  greater  discharge.  This 
is  what  seems  to  have  occurred  during  the  later  eruptions  of  the  vol- 
cano, when  Morne  Rouge  and  other  villages  were  destroyed;  but  in 
addition,  the  growth  of  the  cone  of  eruption  above  the  rim  of  its 
encircling  crater  destroyed  the  influence  of  the  vents,  and  the  later 
eruption  spread  in  all  directions  in  the  same  manner  as  on  St.  Vincent. 

Mitd  jknm. — The  valleys  on  the  lower  slopes  of  both  Mont  Pel^e 
and  La  Soufrifire  have,  in  numerous  instances,  been  filled  to  a  depth  of 
40  to  60  or  more  feet  with  hot  dust  and  stones.  The  streams  have 
thus  been  displaced  and  are  striving  to  regain  their  right  of  way,  but 
as  yet,  owing  largely  to  the  washing  down  of  dust,  lapilli,  etc. ,  from 
bordering  slopes,  are  making  but  slow  progress  with  their  work.  In 
many  instances,  in  fact,  the  high-gi*ade  rills  are  bringing  to  the  main 
drainage  channels  more  debris  than  the  master  streams  can  remove, 
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and  the  process  of  valley  filling  continues.  Water  finding  its  way  into 
these  beds  of  hot  debris,  as  already  mentioned,  causes  steam  explo- 
sions, sometimes  of  such  energy  as  to  resemble  a  primary  eruption 
from  one  of  the  main  or  true  craters.  These  eruptions  at  times  hurl 
large  quantities  of  debris  into  the  stream  channels  which  have  been 
partially  cleared,  thus  producing  dams  and  causing  small  lakes  to  form. 
These  water  bodies  rise  until  thev  overflow  the  accumulation  of  loose 
material  restraining  them,  when  they  are  rapidly  drained,  and  floods 
of  water  heavily  charged  with  debris  occur  below  where  the  tempo- 
rary dams  were  formed.  The  mud  flows  originating  in  these  and 
other  similar  ways  have  been  frequent  on  both  Martinique  and  St. 
Vincent,  and  have  in  several  instances  been  referred  to  as  lava  flows. 

Enmon. — ^Much  that  is  highly  instructive  centers  about  the  manner 
in  which  the  surface  waters  are  removing  the  freshly  added  material 
from  the  surfaces  of  Martinique  and  St.  Vincent.  Instead  of  being  a 
protection  to  the  surface  on  which  it  rests,  the  fresh  debris  is  in  many 
instances  of  assistance  in  its  more  rapid  erosion.  On  steep  slopes,  and 
even  when  the  surface  is  nearly  level,  the  rills  formed  during  the 
numerous  tropical  showers  quickly  cut  through  the  loose  surface  mate- 
rial and,  aided  by  the  angular  particles  in  suspension,  corrade  the  soil 
or  rocks  beneath.  The  rains,  as  it  seems,  are  heavier  than  usual,, 
owing  to  two  causes:  First,  the  great  amount  of  water  contributed  to 
the  atmosphere  as  steam,  and,  second,  the  vast  amount  of  dust  blowu 
into  the  air,  each  particle  of  which  serves  as  a  center  for  condensation. 
Tlie  process  of  fashioning  the  topography  throughout  the  extensive 
areas  from  which  all  vegetation  has  been  removed  is  greatly  acceler- 
ated. This  more  rapid  erosion  will,  no  doubt,  continue  until  the  sur- 
fa^'C  is  again  plant-clothed. 

The  volcanic  eruptions  have  claimed  so  much  inmiediate  considera- 
tion from  the  several  geologists  and  geographei's  who  have  visited  the 
stricken  islands  that  the  indirect  geogi*aphical  changes  resulting  from 
them  have  not  received  the  attention  the}'  deserve.  Not  only  the  pul- 
sating streams  of  steaming  water  and  their  oc*casional  gfeat  discharges 
of  hot  mud  demand  detailed  studv,  but  the  wav  in  which  the  under- 
mining  of  banks  of  loose  debris  leads  to  landslides,  the  development  of 
consequent  and  subsequent  streams,  the  manner  in  which  streams 
develop  and  rapidly  pass  from  youth  to  old  age,  etc.,  deserve  to  1h» 
carefully  recorded.  The  streams  are  not  only  eroding,  but  depositing. 
Deltas  are  being  formed  and  additions  made  to  the  land.  The  final 
resting  places  of  the  fresh  debris  which  fell  on  the  islands  will  be  in 
the  adjacent  sea,  where  great  quantities  of  fi-agmental  volcanic  mate- 
rial is  being  spread  out  to  form  stratified  tuffs. 

WareJi  in  the  Mea. — Reports  have  appeared  in  the  newspapers,  from 
tiuie  to  time  since  early  in  Ma}^  of  so-called  tidal  waves.  As  is  well 
known,  the   waves  referred  to  have  no  connection  with  the   tides, 
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but  are  similar  to  those  occasionally  accompanying  earthquakes.  So 
far  as  can  be  judged,  however,  the  unusual  waves  that  have  recently 
broken  on  the  shores  of  Martinique  and  St,  Vincent  have  not  been  due 
to  movements  in  the  earth's  crust,  such  as  commonly  produce  earth- 
quakes, although  some  of  them  may  have  been  of  that  nature.  The 
waves  referred  to  have  been  caused,  in  most  instances,  by  the  disturb- 
ances produced  in  the  water  of  the  sea  by  the  blasts  of  dust-laden 
steam  that  hav^e  swept  down  from  the  craters  of  Mont  Pelee  and  La 
Soufriere.  Similar  waves  have  also  been  generated  by  the  entrance 
into  the  sea  of  stupendous  mud  flows,  or,  perhaps  more  properly, 
avalanches  of  rock  debris  and  water,  like  the  one  which  destroyed  the 
Guerin  sugar  factory  on  May  5.  Again,  landslides  have  occurred  in 
the  loose  deposits  on  the  Caribbean  shores  of  both  Martinique  and  St. 
Vincent,  and  similar  slides,  as  indicated  by  the  breaking  of  telegi-aph 
cables,  have  probably  taken  place  on  the  steep  submerged  slopes  of  the 
mountains  whose  summits  form  the  islands  mentioned.  In  these  several 
ways  waves  in  the  sea  appear  to  have  been  generated,  but  in  all  instances 
they  have  been  low  and  but  little  damage  from  them  has  resulted. 
The  earthquake  shocks  that  accompanied  the  recent  eruptions  have 
been  comparatively  light,  and,  so  far  as  can  be  judged,  not  of  such  a 
nature  as  to  cause  large  waves  in  the  adjacent  sea.  The  earthquake 
shocks,  however,  may  and  probably  did  bring  about  the  descent  of 
some  of  the  landslides  on  the  margin  of  the  sea  and  on  the  steep  sub- 
merged slopes,  and  in  this  way  are  indirectly  accountable  for  some  of 
the  sea  waves. 

Landslides. — ^The  landslides  just  refeiTed  to  occurred  principally  on 
the  west  side  of  St.  Vincent,  to  the  north  of  Chateaubelair,  where 
strips  of  nearly  flat  alluvial  land,  adjacent'  to  the  sea,  have  disappeared, 
leaving  fresh  bluffs  of  loose  debris  some  30  or  40  feet  high.  It  has 
been  suggested  that  this  disappeamnce  of  land,  and  in  one  instance 
of  the  site  of  a  village,  was  due  to  movement  along  a  fault — that  is, 
the  subsidence  of  the  rocks  on  one  side  of  a  deep  frat'ture  in  the 
earth's  crust — but  the  evidence  does  not  seem  to  sustain  this  hypoth- 
esis. The  lands  that  have  disappeared,  as  shown  by  the  escarpments 
remaining,  were  composed  of  unconsolidated  debris,  deposited  for  the 
most  part  directly  by  streams  as  deltas.  This  loose  material,  resting 
on  the  steeply  inclined  rocks  beneath,  was  in  a  position  to  ])e  easily 
dislodged  bj-  earthquake  shocks,  by  the  rush  of  mud  avalanches  down 
the  valley,  at  the  mouths  of  which  the  deposits  had  been  made,  and  by 
the  return  waves  when  the  sea  was  disturbed  by  the  vok*anic  blasts  or 
by  mud  avalanches.  The  changes  made  by  subsidence  of  the  land  are 
not  great,  and,  as  several  observers  have  stated,  may  reasonably  be 
accounted  for  in  the  manner  just  referred  to. 
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The  breakdn^  of  telegraph  cables  a  few  miles  offshore  from  St. 
Pierre  at  the  time  the  city  was  destroyed  and  during  subsequent  erup- 
tions of  Mont  Pelee  seems  best  accounted  for  on  the  supposition  that 
landslides  occurred  on  the  steep  submerged  slopes,  similar  to  those 
observed  at  the  margin  of  the  adjacent  land. 

Electrical  d'f^splayfi. — ^The  graphic  accounts  that  have  been  published 
of  the  recent  eruption  give  a  better  idea  of  the  magnificence  of  the 
electrical  phenomena  accompanying  volcanic  explosions  than  was  pre- 
viously attainable.  These  observations  show  that  an  interesting  and 
difficult  problem  here  awaits  solution.  The  most  striking  phase  of 
what  is  assumed  to  have  been  an  electrical  display  during  a  primary 
eruption  of  Mont  Pelee  on  the  evening  of  May  26  is  thus  described  })y 
George  Kennan: 

^^The  feature  of  the  eruption  that  made  the  deepest  impression  upon 
me  was  the  stellar  lightning.  The  uprush  of  black  smoke,  the  glow 
over  the  crater,  and  the  shower  of  incandescent  stones  and  cinders 
were  all  phenomena  that  had  been  observed  and  described  before,  but 
the  short,  thin  streaks  of  lightning,  followed  by  star-like  explosions 
in  the  volcanic  mantle — not  only  above  the  crater,  but  miles  away  from 
it — were  entirely  new.  The  distinctive  characteristics  of  this  light- 
ning were  the  shortness  of  the  streak,  the  comparatively  great  size  and 
brillian<y  of  the  spark,  or  light  burst,  at  the  end  of  the  streak,  and  the 
single  booming  report  that  followed.  Sometimes  three  or  four  great 
sparks,  connected  oy  fiery  streaks,  would  flash  together  in  this  way,  and 
at  other  times  the  stars  would  burst  so  far  bai*k  in  the  cloud  that  the 
streaks  were  invisible  and  there  was  only  a  circular  irradiation  of 
the  vapor.  If  there  wa^j  any  storm  lightning  of  the  ordinarv  kind 
in  the  earlier  stages  of  the  eruption,  it  was  so  much  less  noticeable 
than  the  stellar  lightning  thaf  it  escaped  my  observation,  and  I  am  quite 
sure  that  there  was  no  rolling,  reverberating  thunder  at  all  until  near 
the  close  of  the  display,  when  reddish  lightning  bolts  began  to  dart 
down  on  the  volcano  from  the  developing  storm  cloud  over  the  crater. 
Before  that  time  all,  or  nearly  all,  of  the  electric  discharges  had  ended 
in  stellar  H^ht  bursts,  and  all  of  the  thunder  had  been  made  up  of 
separate  and  distinct  reports,  like  the  thunder  of  a  heavy  and  rapid 
cannonade.'* 

Supplementing  the  above  account  we  are  fortunate  in  having  an 
instructive  picture  of  a  night  eruption  of  Mont  Pel^e,  drawn  by 
George  Varian  (PI.  V),  in  which  the  appearance  of  the  so-called 
stellar  lightning  is  well  shown. 

In  reading  Kennan^s  vivid  description  with  the  aid  of  Variants 
equally  faithful  sketch  one  can  scarcely  avoid  making  the  tentative 
suggestion  that  the  streaks  of  light  and  brilliant  explosions,  appar- 
ently resembling  the  trails  and  occasional  bursting  caused  by  meteoric 
bodies  entering  the  earth's  atmosphere,  may  have  been  due  to  intensely 
heated  solid  projectiles  blown  out  of  the  volcano  and  entering  the 
oxygen-charged  air. 
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Other  phenameiia, — A  final  report  on  the  recent  and  still  continuing 
eruptions  of  Mont  Pel^e  and  La  Soufriere  must  include  the  evidence 
in  reference  to  the  sounds  generated,  the  earthquake  shocks,  the  areas 
on  which  dust  fell  and  its  relation  to  the  direction  and  force  of  air 
currents,  gravity  wav^es  in  the  air,  influence  of  dust  in  the  air  on  sun- 
light, and,  most  interesting  of  all,  as  well  as  the  most  novel,  the  magnetic 
waves  generated,  which  were  recorded  almost  instantaneously  at  prac- 
tically all  the  automatically  recording  magnetic  stations  of  the  world. 

The  study  of  the  eartJCs  interior, — Perhaps  the  chief  lesson  taught 
by  the  recent  volcanic  eruptions  in  the  Antilles  is  the  meagerness  of 
our  knowledge  concerning  the  interior  of  the  earth.  In  /this  more 
pointedly  perhaps  than  in  related  fields  is  the  saying  true  that  "the 
known  is  hut  a  small  fraction  of  the  unknown."  In  the  study  of  the 
earth's  interior,  the  search  for  the  ultimate  causes  of  volcanic  erup- 
tions, etc.,  a  visit  to  an  active  volcano  is  most  instructive  and  sug- 
gestive, but  such  investigations  should  not  end  with  the  cessation  of 
the  outbreaks. 

The  manifestations  which  reach  the  earth's  surface  and  on  which 
our  judgment  as  to  the  condition  of  its  interior  must  be  chiefly  based 
are  movements  in  the  rocks,  earthquakes,  escape  of  heat,  magnetic 
changes,  etc.  While  sevei'al  of  the  phenomena  referred  to  become 
especially  prominent  during  volcanic  eruptions,  they  are  not  confined 
to  such  occurrences  or  to  the  vicinity  of  volcanic  vents,  but  may  be 
studied  at  all  times  and  at  any  locality.  Among  the  records  which  it 
is  desirable  to  ol)tain  and  from  which  some  judgment  in  reference  to 
the  condition  of  the  earth's  interior  may  be  had  are  the  occurrence  of 
earthquakes,  their  character,  direction  of  motion,  location,  both  geo- 
graphical and  vertical,  of  their  centers  and  all  else  concerning  them, 
and  changes  in  the  magnetic  condition  of  the  earth.  Observations  in 
these  directions  are  highly  desirable  in  the  vicinity  of  volcanoes  in 
order  that  they  may  serve  as  danger  signals,  but  may  yield  valuable 
returns  when  carried  on  at  a  distance  from  all  centers  of  volcanic 
disturbance. 

In  this  connection  I  wish  to  suggest  that  the  National  Geographic 
Society  can  make  a  substantial  addition  to  our  knowledge  of  the  earth 
by  maintaining  a  magnetic  and  seismographic  observatory.  Let  a 
start  be  made  by  placing  in  our  Hubbard  Memorial  Building  the  best 
instruments  of  the  nature  just  referred  to  that  can  be  had,  and  extend 
assistance  to  individuals,  colleges,  etc.,  at  as  many  other  localities  as 
practicable,  in  establishing  similar  observatories. 
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By  Col.  Sir  T.  H.  Holdich,  C.  B.,  K.  C.  I.  E.,  F.  R.  G.  S. 


With  so  large  a  field  as  that  which  is  embraced  by  geography  before 
us,  I  feel  a  little  doubtful  which  way  to  turn  in  order  to  gather  into 
one  short  space  both  the  scattered  records  of  recent  geographical  his- 
tory and  to  present  to  you  at  the  same  time  illustrations  of  some  fixed 
principle  which  in  the  course  of  the  development  of  our  geographical 
knowledge  must  govern  the  progress  of  it.  Last  year  you  heard 
from  Dr.  Mill  a  most  excellent  summary  of  the  present  phase  of  that 
development  in  this  country.  You  heard  not  only  of  great  activity  in 
the  wide  world  of  the  unexplored  and  unknown,  but  of  new  efforts  to 
train  up  a  fresh  generation  of  explorers;  of  new  schools  springing  up 
among  us;  fresh  evidence  of  the  faith  that  is  in  us  that  geographical 
knowledge  points  the  road  to  commercial  success;  happy  intimations 
of  the  existence  of  a  3'^et  higher  faith — the  faith  which  believes  that 
scientific  knowledge  of  the  world's  physiology  is  worth  the  getting  for 
its  own  sake,  whether  it  paves  the  way  to  golden  success  or  not. 
And  now,  while  recalling  the  chief  geographical  events  of  the  ye&T 
that  has  passed,  while  counting  the  landmarks  on  the  road  to  a  higher 
geographical  education,  I  would  also  claim  your  attention  for  a  brief 
space  to  a  few  technical  problems  which  beset  the  business  aspect  of 
future  procedure,  and  which,  so  long  as  we  make  it  our  boast  that  we 
belong  to  the  biggest  empire  in  the  world,  ought  most  certainly  to 
attract  our  earnest  attention. 

The  unknown  world  is  growing  daily  smaller.  It  is,  indeed,  nar- 
rowing its  area  with  a  rapidity  which  is  absolutely  regrettable.  If 
you  think  of  those  delightful  days  when  the  men  who  went  "down  to 
the  sea  in  ships"  brought  gold  and  ivory  to  the  steps  of  Solomon's 
temple,  believing  that  beyond  their  nautical  ken  all  the  rest  of  the  world 
was  but  flat  emptiness;  or  even  centuries  later,  when  Marco  Polo's 
truthful  tales  of  Asia  were  discredited  as  wild  fables,  or,  again,  in 
almost  modern  times,  w^hen  Vasco  de  Gama  bent  his  knees  in  pious 
prayer  ere  starting  on  the  buccaneering  venture  which  was  to  change 

« Address  to  geographical  section  of  British  AsRx;iation  lor  the  Advancement  of 
Science.     Reprinted  from  Report  of  British  Association  1902,  pp.  662-677. 
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the  destinies  of  the  East,  you  will  find  it  almost  impossible  to  look  at 
the  well  turned  out  maps  of  to-day,  wondering  where  next  it  may  be 
possible  to  strike  a  new  feature  or  unfold  a  new  vista  to  geographical 
enterprise,  without  something  like  a  sigh.  But  it  is  with  the  world  as 
we  find  it  mapped  to-day  that  we  have  now  to  do,  searching  out  the 
position  of  such  blank  spaces  as  still  exist  and  considering  the  best 
means  of  dealing  with  the  vast  area  of  its  half -exploited  surface  so  as 
to  obtain  the  best  results  for  the  time  and  labor  spent  on  completing 
our  knowledge  of  it. 

ANTARCTIC   PROSPECTS. 

To  the  polar  regions  we  naturally  turn  first,  for  they  form  the 
special  domain  of  modern  initial  exploration.  We  are  very  far  yet 
from  having  elucidated  the  great  geographical  problems  of  sea  and 
land  distribution  which  lie  hidden  under  the  depths  of  paleocrystal 
ice.  We  only  know,  indeed,  from  inference  that  at  one  end  of  the 
world  there  exists  an  unmapped  sea  and  at  the  other  an  unmapped 
continent,  round  the  edges  of  which  we  are  Qven  now  feeling  our  waA'. 
When  the  Discover^ij  left  the  New  Zealand  i)ort  of  Chalmers  on  Decem- 
ber 24  last  for  the  South  Polar  regions,  this  was  the  quest  which,  in 
the  modest  language  of  her  originator.  Sir  Clements  Markham,  lay 
before  her:  "To  determine  as  far  as  possible  the  nature  and  extent  of 
the  South  Polar  lands"  and  to  '^conduct  a  magnetic  survey."  If  we 
look  at  the  unexplored  area  of  these  South  Polar  lands  as  a  whole  and 
examine  the  plan  of  international  geographical  campaign  which  has 
now  been  directed  against  them,  we  shall  find,  I  think,  that  the  pres- 
ent enterprise  is  hy  far  the  most  complete  and  systematic,  as  it  is  the 
most  scientific,  that  hiis  3'et  been  undertaken  in  the  far  south.  It  is 
impossible  ])ut  that  great  results  should  ])e  attained  from  so  complete 
an  investment  of  the  unknown  continent. 

With  the  Dhcoverys  investigations,  which  will  l)e  directed  to  Vic- 
toria Land — the  land  of  the  historic  volcanoes  Erebus  and  Terror — 
from  the  side  of  Tasmania  and  New  Zealand,  will  be  associated  at  least 
three  other  expeditions,  all  aiming  at  a  final  solution  of  the  South 
Pole  problem.  From  South  America  Otto  NordenskioldV  expedi- 
tion has  taken  the  shortest  sea  route  past  the  South  Shetlands  to 
Grahams  Land  and  has  already  passed  a  winter  amid  the  ice.  From 
South  America,  again,  the  Scottish  expedition  under  Bruce  will  work 
its  way  past  Sandwich  Island,  skirting  the  Antarctic  Circle,  some 
50"  to  the  east  of  Nordenskiold,  almost  on  the  Greenwich  meridian 
and  as  nearl}'  opposite  as  possible  to  the  Discovery  s  attack  from  the 
other  side  of  the  pole,  while  between  the  two  will  be  the  German 
expedition  of  the  Gatut^^  pusliing  southward  about  the  meridian  of 
9()^  E.,  a  worthy  rival  in  scientific  equipment  to  our  own  ship,  the 
Disctwery.     And  there  is  no  branch  of  scientific  inquiry  which  will  l>e 
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same  field  as  ourselves.  1  have  but  lately  returned  from  a  journey 
full  of  geographical  interest  which  has  carried  me  over  some  of  the 
tracks  left  manj^  years  ago  by  a  British  scientific  expedition  to  the 
South  Seas,  which  will  be  ever  associated  in  the  memory  of  all  geog- 
raphers with  the  names  of  Charles  Darwin,  and  H.  M.  S.  Beadle.  With 
the  wider  scope  for  gathering  information  which  is  afforded  in  these 
days  by  the  growth  of  civilization  and  the  shooting  out  of  its  long  ten- 
drils into  the  waste  places  of  Patagonia,  it  has  been  possible  to  verify 
some  of  the  suggestions  as  to  the  structure  and  geographical  configura- 
tion of  that  southern  continent  which  were  oifered  by  the  observations 
of  Darwin,  and  to  examine  here  and  there,  in  some  detail,  the  results  of 
recent  local  surveys  in  testing  the  accuracy  of  the  coast  outline  and  of 
the  coast  soundings  established  by  the  Beagle.  Of  the  former  I  can 
only  say  that  they  seem  to  me  prophetic;  of  the  latter,  so  little  change 
has  taken  place  in  South  American  coast  configuration  during  the  last 
fifty  years  that  practically  the  charts  of  the  Beagle  are  the  charts  of 
the  Chilian  and  Argentine  admiralties  of  to-day,  with  hardly  a  notice- 
able variation.  Such  magnificent  results  as  were  achieved  then  are 
hard  to  beat  at  any  time.  We  do  not  hope  to  beat  them.  We  can 
only  hope  to  imitate  them.  They  stand  good  for  all  time,  and  it  is 
useful  to  recall  them  now  and  then  in  order  to  emphasize  a  truism  which 
is  occasionally  overlooked  by  modern  geographical  explorers.  It  is 
not  the  most  recent  work  in  the  field  of  exploration  which  is  necessa- 
rily the  most  valuable.  One  of  the  great  sins  of  omission  in  modern 
exploration  is  that  of  a  failure  to  appreciate  the  efforts  of  preceding 
geographers  in  the  same  field  of  research  as  ourselves — the  want  of  a 
patient  absorption  of  all  available  previous  knowledge  before  we 
attempt  to  add  to  the  sum  of  it.  We  are  not  all  of  us  gifted  with  the 
patient  determination  of  that  great  traveler  Sven  Hedin,  who  spent 
three  years  in  reading  about  central  Asia  before  he  wrote  a  word  on 
the  subject.  It  can  not  be  too  strongly  urged  in  these  days  of  narrow- 
ing fields  for  activity  that  although  geographical  research  is  essentially 
an  active  function  of  an  active  life  it  demands  yet  more  and  more,  as 
time  goes  on,  the  application  of  the  scholar  added  to  the  determined 
energy  of  the  explorer. 

FORMATION    OF    A    CENTRAL    COMMITTEE    OF    GEOGRAPHICAL    ADVISERS. 

It  is  in  this  connection  that  I  would  advance  a  suggestion  which  I 
have  already  heard  discussed  by  travelers  anxious  to  apply  their  ener- 
gies in  well-directed  efforts  toward  the  acquisition  of  really  useful 
scientific  information.  It  concerns  the  possibility  of  establishing  a 
centi-al  geographical  committee  which  should  gather  together  expert 
knowledge  in  all  branches  of  natural  science,  and  be  prepared  to  give 
technical  advice  to  travelers  and  explorers,  not  only  as  to  the  litenuy 
sources  from  which  the.  best  information  may  be  derived,  but  also  to 
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furnish  hints  as  to  the  best  localities  for  research  in  any  special  branch 
of  science.  This  would  certainly  shorten  the  preliminary  labor  of 
collecting  information ;  and  in  many  cases  when  expeditions  are  planned 
at  short  notice  it  would  be  invaluable  in  indicating  opportunities  for 
special  research  which  would  otherwise  be  overlooked.  It  is  so  much 
more  frequently  want  of  time,  rather  than  want  of  inclination,  which 
prevents  the  acquisition  of  that  preliminary  and  naost  essential  knowl- 
edge which  alone  can  rightly  direct  the  effort  to  the  opportunity  and 
fit  the  two  together,  that  I  have  much  sympathy  with  the  pathetic 
appeal  of  more  than  one  young  explorer  who  has  complained  that  it  is 
necessary  to  travel  all  around  London  in  order  to  find  the  man  (to  say 
nothing  of  the  book)  who  will  tell  you  in  concise  language  exactly  what 
to  look  for  in  the  land  which  you  are  visiting. 

CONTKACTION  OF  THE   WORLD'S   "  TERRA  INCOGNITA." 

It  is,  however,  when  we  leave  the  high  seas  with  their  almost  inex- 
haustible store  of  unexplored  ocean  floors  and  icebound  coast  line,  and 
turn  from  oceanography  to  the  more  familiar  aspects  of  land  geog- 
raphy that  we  find  those  spaces  within  which  "pioneer"  exploration 
can  be  usefully  carried  to  be  so  rapidly  contracting  year  by  year  as  to 
force  upon  our  attention  the  necessity  for  adapting  our  methods  for  a 
progressive  system  of  world-wide  map  making,  not  only  to  the  require- 
ments of  abstract  science,  but  to  the  utilitarian  demands  of  commercial 
and  political  enterprise. 

ASIA. 

Take  Asia,  for  example.  Nearly  half  of  the  great  continent  pertains 
to  Siberia,  and  within  the  limits  of  Russian  territorv  the  admirable 
organization  of  her  own  system  of  geographical  exploration  leaves  no 
room  for  outsiders  to  assist  usef ull}^  even  if  political  objections  did 
not  exist.  In  central  and  southern  Arabia  there  is  undoubtedly  still 
much  to  learn,  but  of  the  remaining  countries  which  intervene  between 
the  Mediterranean  and  India,  of  Persia,  Afghanistan,  and  Baluchistan, 
it  can  only  be  said  that  the  work  of  the  geographical  pioneer  has  already 
ended  where  that  of  the  engineer  and  sur\'eyor  has  commenced.  In 
the  Farthest  East  again — in  Manchuria,  China,  Tonkin,  and  Siam — there 
is  much  more  room  for  the  practical  exploration  of  the  road  and  rail- 
way maker  than  there  is  for  the  irresponsible  career  of  the  geograph- 
ical traveler.  The  highway  from  China  to  India  is  almost  as  well 
known  as  that  from  London  to  India,  and  the  activity  of  railway  enter- 
prise in  the  south  of  Asia  bids  fair  to  rival  the  triumphs  of  Siberia. 
It  is  only  in  the  central  deserts  of  Mongolia  and  the  wastes  of  Tibet 
spreading  southward  to  the  Himalayas  that  we  can  find  untrodden  areas 
of  any  great  magnitude,  and  even  in  central  Asia  before  venturing  on 
a  statement  of  future  possibilities  in  the  field  of  exploration,  it  would 
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be  well  to  wait  for  the  records  of  that  most  intrepid  traveler,  Sven 
Hedin,  who  promises  us  material  of  scientific  and  historical  interest 
as  the  result  of  his  last  three  years'  travel  far  in  excess  of  the  monu- 
mental contributions  which  he  has  already  made  public.  Historically 
the  interest  of  the  world  of  inquiry  in  Asia  where  we  find  the  origin 
of  the  great  races  of  the  world  and  the  birthplace  of  all  religions  must 
always  be  immense;  but  that  history  can  only  be  elucidated  by  a  clear 
illustration  of  the  great  highways  of  the  continent  which  were  open 
to  the  vast  migratory  movements  of  mankind  in  prehistoric  periods. 
We  do  not  in  the  least  understand  the  condition  of  climate,  nor  are  we 
quite  certain  even  of  the  relative  distribution  of  land  and  water  in 
high  Asia  in  the  days  when  its  swarming  population  first  began  to  flow 
south  and  west,  carrying  the  elements  of  a  language  which  we  have 
been  accustomed  to  regard  as  primeval  into  the  swamps  and  plains 
which  lay  beyond  the  Himalayas  or  the  Caspian.  It  is  only  through 
geographical  research  that  some  dim  outline  of  those  early  stories  can 
be  realized;  and  although  the  researches  of  Stein  and  the  marvelous 
discoveries  of  Sven  Hedin  around  the  ancient  lake  district  of  Lob  Nor 
will,  after  all,  only  throw  the  world's  history  back  for  a  few  centuries,  it 
is  by  means  of  these  first  steps  backward  that  we  can  feel  our  way  to  an 
appreciation  of  the  earlier  processes  of  this  phase  of  human  evolution. 
Nor  in  the  interests  of  utilitarian  commercial  speculation  is  geogi'aphical 
research  in  Asia  yet  to  be  set  aside.  We  indeed  know  comparatively 
nothing  of  its  resources  in  mineral  wealth.  It  is  quite  within  the 
bounds  of  possibility  that  one  of  the  great  central  treasure  houses  of 
nature  lie  enveloped  in  the  geological  axis  of  the  highest  mountains  of 
the  world,  and  that  we  may  yet  be  enabled  to  explain  why  every  river 
which  flows  from  Tibet  washes  down  gold  in  its  bed.  But  this  will  only 
be  when  the  Tibetan  Lama  is  prepared  to  shake  hands  with  the  Uit- 
lander;  and  I  fear  that  recent  South  African  history  will  not  encourage 
the  embrace.  Meanwhile  there  is  no  more  promising  field  still  open  to 
the  bona  fide  explorer  than  that  of  Tibet  and  the  farthest  ranges 
of  the  Himalayas.  Few  people  are  aware  how  vast  an  extent  of  the 
Himalayan  area  still  remains  untrodden  by  any  European.  This  is 
due  to  no  want  of  enterprise  on  the  part  of  our  Indian  surveyors  and 
political  oflScials.  It  is  due  partly  to  physical  inaccessibility  and  partly 
to  that  intense  (and  easily  understood)  objection  to  the  interference  of 
the  stranger  in  which  many  of  our  transfrontier  neighbors  permit 
themselves  to  indulge.  Nevertheless  would  I  commend  to  those  who 
still  desire  to  walk  in  the  rough  and  thorny  path  of  pioneer  geograph- 
ical discovery  a  similar  enterprise  to  that  of  our  aforetime  secretary, 
Mr.  Douglas  Freshfield,  who  lately  succeeded  in  passing  beyond  the 
bounds  of  official  exploration  into  the  eastern  Himalayas.  We  have 
had  many  travelers  in  the  Himalaya's,  but  they  have  not  always  dis- 
tinguished between  the  fascinating  pleasures  of  romantic  adventure 
and  the  earnest  pursuit  of  geographical  business. 
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STUDY   OF   GLACIERS. 

To  Mr.  Freshfield  we  certainly  owe  an  introduction  to  a  new  vista  of 
great  scientific  interest  in  the  study  of  the  formation  and  movements 
of  glaciers.  Here  perhaps,  we  are  treading  gently  on  the  skirts  of 
geological  science;  but  I  have  never  yet  found  that  part  of  the  world 
where  the  careful  study  of  local  geographical  conformation  will  not 
inevitably  invoke  an  inquiry  into  geological  construction.  We  must 
accept  the  inevitable  criticism  and  go  on  with  our  glaciers.  Where  in 
the  world  can  there  be  such  an  area  for  research  into  the  conditions  of 
glacial  formations  as  is  presented  by  the  Himalayas?  I  gmnt  the 
physical  and  political  diflBculties  in  the  way  to  which  I  have  referred, 
but  still  well  within  the  limits  of  our  own  red  border  there  are  glaciers 
yet  to  be  studied,  which,  if  not  the  largest,  are  yet  large  enough  to 
satisfy  the  loftiest  aspimtions,  and  bej'^ond  that  border  the  diflSculties 
of  approach  are  lessening  day  by  day  and  are  no  longer  so  formidable 
that  they  need  hinder  the  steps  of  any  determined  explorer. 

SOUTH   AMERICAN   GLACIERS. 

The  speculative  interest  in  glacial  movements  and  their  influence  on 
the  geographical  conformation  become  far  greater  when  one  moves  in 
a  country  which  has  been  recently  shaped  and  polished,  grooved,  and 
fashioned  by  glacial  action;  when  huge  blocks  of  granite  or  porphyry, 
standing  sentinel  over  terraces  and  ancient  glacier  beds,  witness  to  the 
passing  of  icebergs  in  prehistoric  seas.  Such  conditions  one  may  find 
in  two  widely  separated  areas,  viz,  in  the  Pamii-s  and  in  Patagonia. 
What  causes  led  to  the  formation  of  the  first  vast  ice  cap  of  which  the 
glaiuer  is  the  latest  evidence;  what  caused  its  disappearance,  its  reap- 
peai'ance;  why  are  the  glaciers  again  withdi'awing  from  the  mountains, 
and  what  causes  the  universal  process  of  modern  desiccation,  of  which 
there  is  such  ample  evidence  in  the  Pamirs,  in  Baluchistan,  in  Pata- 
gonia? It  is  to  the  Himalayas  that  we  turn  first  for  an  answer  to  this 
question,  but  there  are  other  fields  almost  equally  promising,  and  one 
of  them  is  to  be  found  in  South  America.  No  one  now  can  pretend 
any  longer  that  we  know  nothing  of  Patagonia.  Probably  no  country 
in  the  world  has  been  described  by  so  many  geographers  in  so  many 
different  ways;  there,  at  an}^  rate,  is  a  land  of  glaciers  and  snow  fields 
awaiting  research  which  presents  few  of  the  physical  difficulties  of  the 
Himalayas.  Here  is  a  wonderful  country  truly,  where  glaciers  reach 
down  to  the  sea  in  low  latitudes,  casting  little  icebergs  into  waters 
fringed  by  green  banks  of  fuchsia  and  myrtle,  and  of  bamboo,  where 
the  laurel  grows  into  magnificent  timber,  competing  with  the  Patago- 
nian  beech  for  roothold  on  the  moss-covered  soil.  The  round  gray 
heads  of  the  granite  hills,  scratched  and  seamed  by  a  disc^irded  ice  cap 
on  one  side  of  the  narrow  straits  balance  the  snow-bound  peaks  of  the 
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Cordilleras  on  the  other.  No  physical  difficulties  bar  the  way  to  the 
investigation  of  glacial  phenomena  amidst  some  of  the  most  striking 
coast  scenery  in  the  world.  Near  the  parallel  of  51*^  south  are  two  Pata- 
gonian  lakes  closely  associated — Argentina  and  Viedma — which  offer 
opportunities  for  the  study  of  glaciers  such  as  are  probably  not  to  be 
found  an3^where  else  in  the  same  latitude.  For  here  the  phenomenon 
of  disappearance  is  in  the  stage  of  natural  illustration.  Glaciers  are 
disappearing  mpidl}^  which  but  a  few  years  ago  seemed  to  be  a  per- 
manent feature  of  the  surrounding  mountains,  and  the  lake  surface  is 
checkered  with  their  debris.  There,  too,  may  be  studied  for  hundreds 
of  miles  northward  the  natural  sequences  of  their  disappearance — the 
formation  of  fresh-water  lakes  and  their  gradual  desiccation  in  turn — 
whilst  all  around  there  is  the  continued  story  of  geographical  evolution 
due  to  the  alternate  forces  of  glacial  and  volcanic  action  written  in 
gigantic  characters  on  the  face  of  nature. 

CENTRAL   SOUTH   AMERICA. 

Not  very  much  has  been  added  of  late  years  to  our  practical  knowl- 
edge of  the  hidden  depths  of  central  South  America  except  from  the 
inexhaustible  mine  of  information  posscvssed  b}'  that  eminent  geogi-a- 
pher.  Colonel  Church.  A  Brazilian  expedition  in  1800,  the  explorations 
of  a  commission  sent  to  investigate  the  interior  with  a  view  to  the 
establishment  of  new  political  capital  to  Brazil  in  1892-1>8,  the  discov- 
eries of  Dr.  Ramon  Paz  in  1894,  and  a  checkered  journey  in  the  val- 
ley of  the  Orinoco  by  Stanley  Paterson  in  1897,  form  the  princijml 
records  of  modern  days.  There  is  doubtless  much  which  is  of  the 
greatest  commercial  and  political  interest  still  to  unravel  in  connection 
with  the  geograph}'^  of  the  great  river  basins  of  the  continent.  But  in 
South  America  we  are  threatened  with  perhaps  the  greatest  develop- 
ment of  what  I  may  call  artificial  geography  that  the  world  has  ever 
seen.  Not  only  will  the  consummation  of  the  Panama  Canal  project 
change  the  whole  system  of  our  Western  sea  communications  and  prob- 
ably exercise  a  more  enduring  effect  on  the  world's  commerce  than 
even  the  Suez  connection  between  East  and  West,  but  the  possibilities 
of  linking  up  b}'  a  central  canal  system  the  three  great  river  basins  of 
the  South — that  of  the  Orinoco,  the  Amazon,  and  the  Plata — is  undcM- 
serious  considei*ation,  and  the  mere  project  will  in  itself  lead  to  an 
exhaustive  examination  of  much  untraveled  country.  Thus,  even 
South  America  no  longer  offers  a  large  field  for  the  geographical 
pioneer  of  the  future.  With  its  narrowing  areas  of  terra  incognita  and 
its  almost  phenomenal  advance  toward  a  leading  position  as  the  pastonil 
and  meat-producing  quarter  of  the  habitable  globe,  with  possibilities 
of  development  in  this  particular  line  probabl}^  exceeding  those  of 
Australia,  New  Zealand,  and  South  Africa  all  put  together,  it  is  surely 
high  time  that  South  America  turned  her  attention  toward  a  com- 
bined and  sustained  international  effort  to  place  her  scattered  and 
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most  insufficient  geographical  surveys  on  a  sound  geodetic  basis  extend- 
ing through  the  whole  continent. 

NORTH   AMERICA. 

In  the  geographical  fields  presented  by  North  America,  a;s  also  by 
Australia,  magnificent  as  are  the  opportunities  for  acquiring  that  i>er- 
sonal  acquaintance  with  the  great  depositions  of  nature  which  enviix)n 
new  conditions  of  life,  and  shape  the  course  of  human  existence  to  its 
appointed  ends;  or,  in  other  words,  to  acquire  a  geographical  educa- 
tion from  original  sources  of  instruction,  there  is  but  little  opening  for 
the  enterprise  of  the  pioneer  who  aspires  to  show  the  way  into  new 
fields.  There  is  no  lai^k  of  native  enterprise  in  colonies  peopled  b}' 
the  stout-hearted  descendants  of  generations  of  explorers.  Neither 
Canadians  nor  Austi*alians  wait  for  England  to  show  them  how  to 
develop  the  resources  of  their  own  country  or  pilot  the  road  to  new 
ventures.  On  the  contrary,  we  have  to  turn  to  Canada  now  for  instruc- 
tion in  the  higher  art  of  geographical  map  making  and  to  admit  that 
England  has  been  left  far  behind  in  the  development  of  the  special 
branch  of  science  which  deals  with  the  illustration  of  the  main  fea- 
tures of  geographical  configuration  in  relation  to  their  geological 
construction. 

AFRICA. 

In  Africa  the  advance  of  our  knowledge  of  the  main  outline  of  the 
geographical  features  of  the  continent  has  been  so  nipid  since  the  da3\s 
when  the  Nile  was  first  tmcod  to  its  source  hy  Sjx^ke  that  a  perfect 
network  of  explorers'  lines  of  travel  now  embraces  the  continent  in  its 
meshes,  and  it  is  only  in  the  intermediate  spaces  that  room  for  enter- 
prise on  the  part  of  the  poincer  is  left,  even  if  it  may  not  be  said 
altogether  to  have  vanished.  A  reference  to  the  little  map  published 
by  Mr.  Kavenstein  in  the  Royal  Geogi'aphical  Society  Journal  for  last 
December  will  show  you  at  once  that  the  h\^drogniphy  of  Africa  has 
been  fairly  well  traced  out  in  all  its  main  arteries,  leaving  but  few 
unexplored  spaces  of  ^ny  great  extent,  and  that  such  spaces,  where 
they  occur  within  the  area  which  is  especially  open  to  Englishmen, 
demand  an  organized  system  of  exploration  more  complete  in  its 
results,  more  carefully  balanced  in  its  relation  to  the  geographical 
illustration  of  those  lands  which  are  beginning  to  form  centers  of 
civilization  than  can  be  secured  by  the  process  of  poineer  route  mak- 
ing. In  short,  we  want  a  system  of  geographical  surveying  allied  to 
those  systems  which  have  been  perfected  after  years  of  careful  experi- 
ment by  Canada,  or  Russia,  or  France,  or  by  England  in  India.  This, 
however,  brings  us  into  a  field  of  technical  incjuiry  of  great  imiwrtance, 
into  which,  so  far  as  it  deals  with  geography- -i.  e.,  with  the  measure- 
ment of  the  earth's  surface  and  the  illustration  of  its  configumtion  by 
means  of  maps,  I  propose  to  entt^r  briefly  in  this  address. 
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MODERN   KEQUIREMENTS   IN   GEOGRAPHICAL   MAP   MAKING. 

You  will  agree  with  rae  that  geography  in  the  abstractt,  without 
illustration — the  geography  which  used  to  be  taught  by  geograph}^ 
books  without  maps — is  but  a  poor  and  ineflScient  branch  of  academic 
knowledge,  hardl}'  worthy  even  of  an  infant  school.  It  does  not  mat- 
ter what  branch  of  this  comprehensive  science  you  approach,  whether 
it  is  historical,  or  physical,  or  political,  modern  or  ancient,  the  only 
substantial  presentment  of  the  subject  to  man's  understanding  is  that 
which  has  recourse  to  map  illustration.  Words  (especially  words 
bearing  such  indefinite  applications  as  our  modern  geographical  termi- 
nology) can  never  convey  to  the  imagination  the  same  substantial 
illustration  as  maps  convey  to  the  eye.  You  may  think  that  all  this  is 
mere  truism;  so  it  may  be;  but  I  assure  3'ou  that  what  I  may  call 
descriptive  geography — that  is  to  say,  geography  without  the  aid  of 
maps,  has  more  than  once  nearly  precipitated  national  disaster  in  quite 
modern  times — disaster  quite  as  perilous  as  any  which  in  military  fields 
has  })een  caused  by  blank,  wholesale  ignorance  of  the  features  of  a 
country  in  which  strategic  movements  are  undertaken.  There  comes 
a  time  in  the  history  of  every  developing  country  when  the  increase  of 
its  people,  and  the  consequent  distribution  of  land,  demands  surveys 
for  the  pui'poses  of  fiscal  administration.  Consequently  such  surveys 
are  common  everywhere;  and  from  these  have  been  built  up,  piece  In' 
piece,  like  a  child's  puzzle,  the  geographical  maps  of  many  half- 
occupied  lands,  illustrating  only  such  portions  as  are  adaptable  to 
economic;  development,  and  leaving  blank  all  that  promised  to  be 
unproductive  and  unprofitable. 

FIELD   OF   GEODESY. 

It  was  only  when  it  was  discovered  that  the  sum  total  of  such  a  pro- 
duction was  apt  to  cause  great  confusion  in  land  assessment,  inasmuch 
as  it  often  did  not  equal  the  actual  area  of  the  land  distributed,  that 
there  arose  a  school  of  mathematicians  who  concerned  themselves  with 
determining  the  dimensions  and  figure  of  the  earth,  and  founded  that 
apparently  complicated  system  of  primary  map  making  which  now 
takes  count  of  such  mattei^s  as  the  curvature  of  the  earth's  surface,  the 
convergency  of  meridians,  and  other  spheroidal  problems  which  aflfect 
the  construction  of  the  map.  Thus  arose  ''geodesy,"  and  geodesy  has 
numbered  among  it**  apostles  many  of  the  greatest  mathematicians  of 
the  age.  Geodesy,  the  science  which  deals  with  exact  measurements, 
was  never  an  embodiment  of  abstract  mathematical  investigation. 
It  had  always  a  utilitarian  side  to  it,  and  it  is  unfoilunate  that  this 
view  of  the  science  has  been  occasionally  lost  sight  of  in  late  3'ears. 
For  we  have  not  done  with  geodetic  investigation  3'et.  Magnificent  as 
are  the  residts  obtained  by  the  mathematicians  of  the  past,  there  are 


THE   PBOGBESS   OF   GKOG&APHIOAL  KNOWLEDGE.  361 

still  further  refinements  to  be  introduced  into  those  factors  which  we 
daily  use  for  the  reduction  of  our  terrestial  observations  ere  we  obtain 
perfect  mathematical  exactness  (if  we  ever  attain  it)  in  our  results; 
and  we  still  must  look  to  the  processes  of  geodesy  to  give  us  tliat  back- 
bone, that  main  axis  of  indisputable  values  from  which  our  network  of 
triangulations  may  spread  during  the  first  steps  in  geogmphical  map 
making.  To  a  certain  extent  geodesy  is  the  support  of  technical 
geography,  and  a  short  inquiry  into  its  present  conditions  of  existence 
may  not  be  out  of  place. 

It  is  to  North  America  that  we  must  now  turn  for  instruction  in  the 
latest  development  of  the  science,  and  to  South  Africa  that  we  must 
look  for  its  future  application.  Russia  has  not  lost  sight  of  the 
necessity  imposed  on  her  for  an  extension  of  her  magnificent  Europeon 
geodetic  system  through  the  vast  breadth  of  her  Asiatic  possessions, 
but  we  ourselves  in  India  are  concerned  nowadavs  rather  with  scientific 
observations  on  collateral  lines,  and  with  the  collating  and  perfecting 
of  the  results  attained  by  the  great  achievements  of  past  years,  than 
with  any  developments  in  fresh  fields  of  geodetic  triangulation. 
Germany  and  France,  ever  alert  where  colonial  interests  arc  concerned, 
are  busy  in  Africa,  but  I  am  not  prepared  to  say  how  far  their  geo- 
graphical efforts  are  based  on  the  strict  principles  of  geodesy. 

In  North  America,  along  the  meridian  of  J^S""  through  Texas, 
Kansas,  and  Nebraska,  geodetic  trianguhition  still  forms  one  of  the 
most  prominent  schemes  of  modern  work  undertaken  bv  the  Coiust  and 
Geodetic  Survey,  and  in  South  Africa  there  is  growing  northward 
into  the  Transvaal  slowly,  but  we  hope  surely,  the  framework  of  a 
gigantic  arc  which  one  day  will  be  extended  by  Sir  David  Gill  from 
the  Cape  to  Ckiro. 

I  am  anxious  to  impress  on  you  that  the  science  of  geodesy  is  not  a 
science  of  the  past.  It  is  still  active,  and  with  all  its  refinements  of 
minute  accuracy  and  exact  precision  in  observation  and  in  calculation 
it  should  be  the  initial  mainstay,  and  it  must  })e  the  final  court  of 
appeal,  as  it  were,  for  all  those  less  rigorously  conducted  surveys  of 
the  reconnaissance  and  exploration  class  which  we  term  geographical. 

But  this  accurate  framework,  this  rigorously  exact  line  of  precise 
values  which  ultimately  becomes  the  backbone  of  an  otherwise  inverte- 
brate survey  anatomy,  is  painfully  slow  in  its  progress,  and  it  is 
usually  haunted  by  the  bogey  of  finance.  It  does  not  appeal  to  the 
imagination  like  an  Antarctic  expedition,  although  it  may  lead  to  far 
more  solid  results,  and  it  generally  has  to  sue  in  forma  pauperis  to 
government  for  its  support. 
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GEOGRAPHICAL   SURVEYS. 

And  thus  it  happens  that  long  before  the  tedious  and  expensive 
processes  which  are  involved  in  the  terra  geodetic  triangulation  can 
possibly  be  carried  to  an  effective  end  the  cry  goes  up  for  a  geograph- 
ical survey.  It  is  wanted  by  the  administrator  to  whom  it  is  all 
important  that  he  should  know  the  roads  and  river  communications, 
and  the  productive  areas  of  the  land  he  has  to  administer,  and  be  able 
to  locate  the  various  tribal  sections  or  peoples  with  whom  he  has  to 
deal.  In  the  political  department  a  geographical  map  may  be  said  to 
be  absolutely  necessary'  for  the  political  purpose  of  defining  limits  and 
boundaries.  It  has  been,  I  am  aware,  occasionally  dispensed  with, 
but  never  with  satisfactorv  results.  To  the  oflBcer  on  whom  rests  the 
responsibility  of  preserving  peace  and  good  order  it  i^  most  desir- 
able that  the  military  features  should  be  fairly  represented  in  such 
a  manner  that  at  least  a  general  plan  of  action  can  be  arranged  at 
short  notice.  For  the  economic  development  of  the  country  it  can  not 
be  too  strongly  urged  that  a  general  geographical  outline  of  its  surface 
is  indispensable  to  the  selection  of  lines  for  special  technical  examina- 
tion, whether  for  roads,  railways,  canals,  or  telegmphs.  How  often 
lately  in  the  history  of  our  colonial  or  frontier  progress  have  vast 
sums  been  expended  on  special  lines  of  railway  in  ignorance  of  the 
fact  that  better  alignments  of  infinitely  less  physical  difiiculty  would 
have  been  at  once  revealed  by  a  general  geographical  map  even  on  the 
smallest  scale?  In  short,  the  cheapest,  the  quickest,  the  surest,  indeed 
the  only  satisfactorj^  method  of  regulating  the  progression  of  pu])lic 
works,  the  development  of  commerce,  the  proper  recognition  of  the 
frontier  boundaries,  the  administration  of  justice,  and  the  military 
control  of  a  large  and  growing  colony,  or  of  a  long  stretch  of  military 
frontier,  is  to  be  armed  with  a  perfect  summary  of  what  that  country 
contains  in  the  shape  of  a  geographical  map;  and  3^et  it  is  only  (juite 
lately  that  this  fact  has  been  recognized  by  English  administrators  and 
English  generals  in  their  dealings  with  new  colonies  and  new  frontiers. 
Russia  learned  the  lesson  a  generation  ago  at  least.  When  she  reached 
out  a  hand  for  Constantinople  her  r.nny  was  accompanied  across  the 
Balkans  by  whole  companies  of  surveyors,  who  worked  on  no  sketchy 
system  of  indicating  lines  of  route  here  and  there.  They  pushed  at 
least  seven  series  of  triangulation  across  the  mountains,  and  on  that  as 
a  basis  they  mapped  the  whole  country  in  detail  on  a  good  military 
scale  (alK)ut  an  inch  per  mile)  right  up  to  the  very  gates  of  the  Turk- 
ish capital.  For  years  her  brigade  of  topographers  has  been  busy 
along  her  Afghan  and  Siberian  frontiers.  In  Persia,  Baluchistiin,  the 
Pamirs,  and  China,  wherever  in  fact  there  may  be  in  the  future  some 
prospective  view  of  a  closer  political,  commercial,  or  militar}'  interest 
than  exists  at  present,  there  they  are  to  be  found.  France  has  always 
been  strong  in  the  geogmphical  field,  and  the  late  achievements  of 
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Frenchmen  in  the  world  of  exploration  and  of  exploratory  map- 
making  are  only  equaled  by  the  scientific  knowledge  and  literary  abil- 
ity displayed  in  their  technical  literature  on  the  subject.  Colonel 
Laussedat's  contribution  to  the  History  of  Topography  .is  to  be  reck- 
oned with  as  a  standard  work.  In  Canada  and  North  America  we  have 
perhaps  a  practical  exposition  of  the  art  of  geographical  surveying 
which  is  as  unequaled  in  completeness  and  comprehensiveness  as  the 
country  with  which  it  has  to  deal  is  unequaled  as  a  subject  for  its 
application.  There  the  close  association  between  geological  structure 
and  geographical  conformation  is  so  fully  recognized  that  the  same 
technical  process  of  surveying  is  applied  for  the  purpose  of  the  double 
illustration.  The  Canadian  geological  survey  is  their  geographical 
survey,  and  I  think  that  it  is  to  Canada  (if  not  to  India)  that  we  owe 
the  first  recognition  of  the  fact  that  geographical  surveying  is  a  sepa- 
rate, distinct,  and  most  important  branch  of  the  general  art,  which 
should  form  the  basis — the  mother  survey  as  it  were — from  which  all 
other  surveys  should  spring.  In  India  I  am  happy  to  think  that  this 
advance  in  the  science  of  geography  is  now  well  understood.  It  has 
been  more  or  less  forced  on  us  by  the  necessity  for  such  rapid  and 
comprehensive  surveys  as  are  required  for  frontier  military  operations, 
for  the  purposes  of  boundary  demarcation,  and  for  the  important  duty 
of  keeping  our  own  transfrontier  information  up  to  the  level  of  that 
of  our  neighbors.  In  our  African  colonies  it  has,  alas,  been  discov- 
ered a  little  too  late  that  geographical  surveys  are  a  sound  preliminar}' 
to  military  operations;  but  the  discovery  once  made  it  is  not  likely  to 
be  overlooked.  Here,  indeed,  was  presented  a  most  forcible  illustra- 
tion of  the  danger  of  building  up  a  geographical  puzzle  map;  of  piling 
one  on  to  another  the  results  of  local  fiscal  surveys  in  the  hope  that 
when  they  were  all  put  together  they  might  make  a  good  topograph- 
ical guide  to  the  country.  Needless  to  say  the  result  was  disastrous 
from  the  scientific  point  of  view,  and  it  might  almost  be  said  of  it  that 
it  was  disastrous  from  the  military  point  of  view  as  well.  Imagine 
for  an  instant  that  the  Canadian  system  of  a  geological  survey  (involv- 
ing of  course  accurate  topography)  had  been  applied  ab  initio  to  South 
Africa,  who  can  possibly  say  what  the  result  might  not  have  been  by 
this  time?  The  expansion  of  the  Randt  mines,  for  example,  depends 
at  present  on  local  experiment  carried  out  no  doubt  by  most  able  engi- 
neers with  all  the  knowledge  of  scientific  mining  that  is  to  be  acquired 
in  these  days  of  advanced  specialism.  But  all  the  same  I  may  be  per- 
mitted to  suggest  that  their  experimental  ventures,  their  tentative 
borings,  are  subject  to  a  good  deal  that  is  almost  guesswork  for  their 
application,  and  that  a  comprehensive,  carefully  conducted  geological 
survey  of  the  whole  country  would  probably  have  afforded  valuable 
indications  in  many  unexpected  directions.  So  also  as  regards  schemes 
for  local  irrigation.     Take  the  northwestern  part  of  Cape  Colony,  for 
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instance,  the  district  known  as  the  Karoo,  where  the  best  military  map 
existing  at  the  time  of  the  war  did  not  even  pretend  to  show  the  main 
roads  through  the  country.  The  stage  of  development  at  which  that 
part  of  the  colony  has  arrived  in  the  all-important  matter  of  local  irri- 
gation is  only  worthy  of  the  Dark  Ages.  It  would  be  laughed  at  in 
Persia  or  Afghanistan.  The  Arabs  of  mediaeval  times  were  experts  in 
the  art  of  the  conservancv  and  distribution  of  water  in  drv  lands  com- 
pared  to  the  modem  South  African  (or  South  American)  farmer. 
Now,  I  do  not  say  that  sc4ieme.s  foi  merely  local  irrigation  require  geo- 
graphical maps  to  support  them.  Such  schemes  only  require  a  little 
enteiprise,  a  little  common  sense,  and  a  little  capital^  but  I  do  say  that 
the  geographical  map  would  long  ago  have  revealed  the  opportunity 
for  comprehensive  schemes,  such  as  exist  in  India,  just  as  it  would 
have  pointed  out  the  best  alignment  for  roads  and  railways,  the  best 
means  for  dealing  with  an  enemy  who  can  move  50  miles  in  a  night, 
and  who  can  make,  not  merely  a  few  square  miles,  but  a  whole  district 
the  theater  of  his  operations.  What  was  wanted  (and  is  still  wanted) 
in  South  Africa  is  what  is  wanted  in  every  part  of  the  continent  sub- 
ject to  British  suzerainty.  I  know  that  I  am  but  echoing  the  urgent 
demand  which  has  })een  made  by  ever}"  commissioner  and  governor 
within  the  limits  of  that  vast  area — not  for  elaborate  or  special  maps 
for  fiscal  and  revenue  purposes,  all  of  which  will  come  in  due  time — 
but  for  scientific  googmphy  which  shall  now  take  the  place  of  the  pre- 
liminary work  of  pioneer  explorers,  and  deal  with  the  coimtry  as  a 
whole  instead  of  tracing  it  in  outlines  and  in  disjointed  pails.  In  short, 
they  require  all  gaps  filled  up.  They  want  to  know  what  the  country 
contains  in  the  way  of  forests,  of  open  land  suitable  for  agriculture, 
of  desert  and  swamp,  of  opportunities  for  roads  and  railways,  for  tele- 
graphs and  irrigation,  ])efore  deciding  on  the  right  portion  for  the 
center  of  an  arterial  system  of  public  works  which  shall  pervade  in 
natural  and  orderly  sequence,  and  in  due  time,  every  part  of  the  body 
of  the  country  of  their  administration.  Now,  this  is  scientific  geog- 
raphy. It  is  not  ordnance  map  making  nor  anything  very  much  like 
it.  It  is  a  comparatively  new  demand  on  the  scientific  resources  of 
England,  and  those  resources  are  by  no  means  equal  to  the  demand. 
Before  considering  resources,  however,  we  nmst  look  to  the  scientific 
means  to  this  geographical  end.  I  have  already  referred  briefly  to  the 
subject  of  geodesy,  and  I  have  told  you  that  what  is  termed  geodetic 
triangulation  is  a  function  of  high  scientific  order,  demanding  not  only 
minute  and  painstakinf)"  care  on  the  part  of  an  able  staff  of  observers, 
but  very  considerable  time  and  very  considerable  expense  to  carry  it 
to  a  satisfactory'  issue.  I  have  also  pointed  out  that  inasmuch  as  the 
exact  distribution  into  parts  of  any  large  space  of  the  world's  area 
must  ultimately  depend  on  the  exact  measurements  which  are  a  func- 
tion of  only  the  highest  class  of  geodetic  triangulation,  we  must  look 
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finally  to  geodesy  to  support  the  framework  of  our  geography  and  to 
give  it  its  rightful  place  in  the  great  total  of  the  world's  mapping. 
But  the  demand  for  geographical  mapping  is  not  satisfied  with  the 
promise  of  an  elaborate  basis  for  the  work  which  has  fii*st  to  be  con- 
structed with  the  expenditure  of  much  time  and  money  before  any- 
thing in  the  nature  of  a  final  map  can  be  produced  for  purposes  of 
administration.  The  political  world,  too,  can  not  always  sit  patiently 
through  all  the  international  disagreements,  the  losses,  the  unrest,  and 
the  positive  national  danger  to  which  an  unsettled  boundary  gives 
rise,  while  the  geodesist  works  slowly  through  the  country  year  after 
year,  piling  up  sheaves  of  equations  and  folios  of  observations,  but 
never  a  square  mile  of  practical  topography.  As  for  the  military 
department  I  hardly  know  what  to  say.  There  is  the  example  before 
us  of  Germans,  Russians,  French,  and  Americans,  all  conducting  their 
campaigns  with  maps  in  their  hands,  taking  every  special  means  at 
their  command  in  order  to  acquire  such  maps  before  they  commence 
operations;  while  the  Boere  have  fought  us  to  the  bitter  end  with  a 
practice  knowledge  of  the  country  which  is  even  better  than  maps, 
and  which  is  exactly  that  class  of  knowledge  which  maps  are  supposed 
to  replace  or  supplement.     None  of  them  wait  for  geodesy. 

Certainly  the  attitude  of  the  military  department  is  not  one  of  neu- 
trality. They  would  like  the  maps,  they  are  even  anxious  to  get 
them,  but  they  are  not  quite  certain  that  they  are  worth  paying  for. 
However  that  may  be,  I  can  only  express  my  own  conviction  that 
geographical  mapping  will  be  found  to  bo  an  urgent  necessity  in  every 
corner  of  the  unmapped  world  subject  to  British  influence.  We 
would  like  to  wait  for  those  accurate  determinations  of  geodesy  which 
would  at  once  furnish  us  with  the  best  of  all  possible  means  for  com- 
mencing a  comprehensive  geographical  surve}'.  But  we  can  not  afford 
to  wait,  and  the  great  geographical  problem  of  the  age  ^s  how  to 
reverse  the  natural  sequence  of  scientific  procedure  and  to  obtain 
maps  of  the  unmapped  world  which  no  subsecjuent  geodetic  opera- 
tions shall  condemn  as  inaccurate.  It  is  not  a  question  of  expediency; 
it  has  been  one  of  necessity  for  many  years  past;  and  inasmuch  as 
necessity  is  the  mother  of  invention,  I  think  that  it  will  finally  be 
conceded  that  means  have  been  found  for  insuring  sufficient  accuracy 
in  geographical  work  to  render  it  capable  of  enduring  the  subsequent 
tests  of  completed  geodetic  measurement  without  dislocation  and 
without  interference  with  the  general  utility  of  the  maps,  even  if 
that  accuracy  be  not  scientifically  perfect. 

It  is  not  my  intention  to  bore  you  with  technical  details.  I  only 
wish  to  impress  upon  you  that  in  the  field  of  scientific  geography,  as 
in  other  fields,  "the  old  order  changeth."  We  must  work  on  new 
principles  in  order  to  meet  new  demands. 
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USE   OF   THE   TELEGRAPH   IN   GEOGRAPHY. 

One  of  the  chief  means  to  this  end  is  the  telegraph.  Few  people 
appreciate  the  important  role  which  is  played  by  the  telegraph  in 
these  days  in  the  field  of  geograph}'.  It  was  not  so  very  long  ago 
that  the  first  step  toward  regenerating  a  natural  wilderness,  or  for 
securing  access  to  new  commercial  openings  or  centers  of  uncivilized 
population  was  held  to  be  the  construction  of  roads  and  railwa3's. 
Means  of  physical  access  was  the  first  step  toward  the  development 
of  a  country  which  was  regarded  as  unenlightened  from  the  stand- 
point of  European  civilization.  It  is  so  no  longer,  for  the  telegraph 
often  threads  its  way  through  many  a  dreary  waste  of  unpeopled 
earth,  uncoiling  its  length  for  hundreds  of  miles  in  advance  of  any 
railway,  or  indeed  of  any  road,  which  can  in  the  ordinary  sense  of 
the  term  be  described  as  a  constructed  road.  I  will  give  you  an  illus- 
tration. On  the  Patagonian  pampas  not  so  very  long  ago,  in  the 
midst  of  a  wide  wilderness  of  snow,  after  losing  our  wa^'  in  a  blinding 
snowstorm  and  camping  on  our  ti-acks  for  the  night,  we  struck*  the 
end  of  the  telegi'aph  line  which  is  now  being  pushed  across  Patagonia, 
and  which  will  eventually  connect  the  Atlantic  with  the  Pacific.  We 
had  seen  no  roads  whatever  for  a  great  part  of  the  distance  we  had 
traversed.  Our  daily  procedure  was  the  simple  process  of  following 
a  guide  over  the  illimitable  streti^hes  of  bush-covered  uplands  which 
reach  down  from  the  eastern  foot  of  the  Andes  in  gentle  grades  to  the 
Atlantic  shore;  and  when  we  did  at  last  fall  in  with  the  great  centnil 
line  of  transcontinental  communication  we  found  it  to  consist  of  the 
wheel  marks  of  certain  previous  wagons  which  had  drifted  along  that 
way — a  sort  of  road  which  it  was  exceedingly  eas>'  to  lose  in  the  fading 
light  of  a  stormy  winter's  da3\  On  this  road  there  was  nothing  but  a 
telegrapji  end  and  the  tents  of  a  few  telegraph  ofiScials,  and  we  were 
some  150  miles  from  our  destination  on  the  Atlantic  coast.  And  so  it 
happened  that  after  weeks  of  absence  from  any  means  of  communica- 
tion with  the  outside  world  we  were  thus  suddenly  put  in  possession 
of  its  very  latest  news,  and  the  very  first  message  that  jmssed  from 
the  end  of  that  line  into  my  hands  was  the  message  of  pea<*e  with 
South  Africa,  signed  an  hour  or  two  previously.  I  accepted  that 
message  as  a  happy  omen  for  the  result  of  our  Patagonian  mission. 
And  thenceforward  (thanks  to  the  courtes}"  of  the  telegraph  chief  at 
Buenos  Ayres)  nightly  as  we  sat  in  the  snow  we  read  all  that  wa«< 
important  from  the  London  evening  papers  of  that  selfsame  day. 
We  were  not  starving  })y  any  means,  but  had  we  wanted  a  loaf  of 
bread  in  that  unbroken  stretch  of  snow  covered  bush  land  we  certainlv 
could  not. have  got  it,  while  here  was  information  flowing  in  with  a 
daily  ease  and  regularity  that  I  greatly  missed  when  once  again  1  was 
within  reach  of  clubs  and  civilization.     The  importance  of  telegraphs 
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in  the  field  of  geography,  however,  Ls  not  confined  to  the  transfer 
of  news  to  casual  travelers.  It  is  the  facility  which  it  places  in  the 
hands  of  the  geographer  for  determining  his  position  in  longitude  that 
renders  it  so  important  a  factor  in  the  prosecution  of  a  geographical 
survey.  Everyone  knows  that  the  first  duty  of  a  geographer  is  to 
discover  his  latitude  and  his  longitude.  Hitherto  the  determination 
of  the  first  has  been  a  matter  of  no  great  uncertainty,  but  as  regards 
the  latter  one  can  only  say  that  the  confidence  expressed  by  most 
explorers  in  the  results  of  their  observations  has  never  been  justified 
by^  the  final  verdict  of  a  subsequent  determination.  It  is,  in  truth, 
most  difficult  even  for  the  most  practiced  observer  to  obtain  an  abso- 
lute value  in  longitude  on  which  he  can  rely  within  such  limits  of 
accuracy  as  are  essential  to  the  construction  of  a  map  where  these 
values  have  to  be  employed  differentially.  The  telegraph  places  in 
our  hands  the  means  of  differential  determinations  within  a  degree  of 
exactness  that  surpasses  even  that  of  the  most  careful  determination 
of  latitude;  and  the  telegraph  is  everywhere.  Supplementary  to  the 
facilities  of  time  signaling  by  telegraph  is  the  wonderful  accuracy  of 
gi*aduation  introduced  into  the  smaller  classes  of  new  instruments 
which  in  these  days  replace  the  cumbersome  equipment  of  the  past. 
With  a  small  6-inch  theodolite  fitted  with  a  complete  vertical  circle, 
time  values  can  be  determined  within  a  fraction  of  a  second  and  lati- 
tude values  to  within  two  seconds  of  arc,  always  provided  that  that 
great  bugbear  of  the  astronomical  geographer,  level  deflection,  does 
not  interfere  with  his  results.  But  the  same  minute  accuracy  in 
graduation  which  has  so  improved  the  ordinary  little  instruments 
which  3^ou  find  in  the  hands  of  the  professional  geographer  has,  when 
combined  with  new  methods  for  accurate  linear  measurement,  also 
placed  it  in  his  power  to  carry  out  a  fairly  coherent  and  systematic 
triangulation  with  great  rapidity  and  accuracy  over  large  areas  of 
country  whenever  the  configuration  and  characteristics  of  that  coun- 
try are  favorable.  Usually  they  are  favorable.  Large  expanses  of 
flat  desert,  of  undulating  veldt,  or  of  unbroken  forest  are  the  excep- 
tion, not  the  rule,  and  they  must  of  course  be  dealt  with  as  their 
special  peculiarities  demand;  and  for  .the  normal  conditions  of  land 
configuration,  given  that  the  explorer  is  specially  careful  about  his 
base  measurements  and  his  initial  data,  he  can  certainly,  with  modern 
instruments  and  the  facilities  for  check  given  him  by  the  telegraph, 
carry  on  a  i-apid  and  comprehensive  geographical  survey  which  will 
fulfill  all  the  conditions  required  by  the  administrator,  economist, 
political  geographer,  or  military  commander  within  such  limits  of 
accuracy  as  will  insure  its  standing  all  the  subsequent  tests  that 
geodesy  ma}'^  ^pplj  without  any  apparent  map  dislocation.  And 
practically  that  is  all  that  is  wanted  for  a  first  map.  I  have  used  the 
word  "rapidly."     Few  people,  even  scientific  geographers,  have  really 


868  THE    PROGRESS    OF    GEOGRAPHICAL    KNOWLEDGE. 

grasped  the  full  meaning  of  the  term  as  applied  to  surveys  on  geo- 
graphical scales  (i.  e.,  1:250000,  or  about  4  inches  per  mile,  or  less) 
under  normal  conditions.  Such  surveys  can  be  completed  quite  as 
fast  as  an  army  can  advance  in  the  field,  even  granting  that  the 
advance  is  continuous.  They  can  even  to  a  certain  extent  precede 
that  advance  in  face  of  an  enemy.  A  single  triangulator  with  a  staff 
of  two  or  three  topographers  in  a  fairly  favorable  country  will  be 
responsible  for  an  out  turn  which  may  be  counted  by  hundreds  of 
square  miles  per  day.  The  records  of  both  American  and  Canadian 
surveys  will  prove  that  the  marvelous  progress  made  in  the  frontier 
reconnoissance  surveys  of  India  is  nothing  abnormal  or  unexpected. 

NECESSITY    FOR  TRAINING   SCHOOLS. 

So  far  1  have  spoken  about  the  system  only,  a  system  which  has 
been  nearly  perfected  by  experiments  in  Canada,  Russia,  India,  and 
elsewhere.  Now  we  have  to  turn  from  the  work  to  the  workmen.  It 
is  only  lately,  quite  lately,  that  England  has  discovered  that  such  work- 
men arc  wanted  at  all.  Five  or  six  years  ago  there  was  not  a  topog- 
rapher nor  a  topographical  school  in  England.  But  the  demand 
during  late  years  has  been  insistent  and  constant,  with  the  result,  I 
am  glad  to  say,  that  efforts  have  been  made  in  various  directions  to 
start  topographical  schools,  and  a  distinct  chaiige  is  apparent  in  our 
methods  of  instruction  at  military  headquarters.  No  purely  technical 
central  civil  schools,  such  as  exist  on  the  Continent,  are  to  be  found 
in  England,  and  the  natui*al  result  is  that  at  present  England  possesses 
no  finished  topographers  and  not  many  men  who  know  what  is  meant 
by  a  geographical  survey.  In  the  wilds  of  Patagonia  (which  is,  I  must 
premise,  a  country  beset  with  special  climatic  difficulties  ))ut  not 
otherwise  one  unsuitable  to  the  topographer's  art)  I  met  many  men  of 
great  intelligence  and  exceptional  skill  who  had  been  gathered  from 
various  quaiters  for  the  purpose  of  topography.  There  were  Italians, 
Argentines,  Germans,  French,  and  Swiss,  but  not  an  Englishman 
among  them.  Russians  of  the  type  of  my  old  and  unforgotten  friend 
Benderski  have  long  been  famous  for  their  skill;  but,  although 
English  administrators  and  soldiers  are  alike  crying  out  for  more  and 
better  assistance  in  the  active  field  of  topography,  they  can  not  get  it 
from  England.  The  establishment  of  a  school  of  practical  geography, 
such  as  must  eventually  guarantee  the  existence  of  a  military  topo- 
graphical corps,  would  be  a  matter  of  congratulation  deseiTing  to  ha 
noted  as  an  important  step  in  the  advance  of  the  geographical  educa- 
tion of  the  country,  no  less  than  the  school  at  Oxford  which  deals  more 
directly  with  civil  interests  and  is  rightly  most  concerned  with  the 
academic  aspects  of  geographical  instruction.  Even  this,  however,  is 
hardly  sufficient.  I  am  convinced  that  the  recommendation  which  arose 
from  certain   resolutions   found  in  the  geographical  section  of  the 


THE    PROGRESS    OF    GEOGRAPHICAL    KNOWLEDGE,  369 

British  association  meeting  at  Bradford  two  veal's  ago  in  favor  of  the 
em])Ioyment  of  natives  in  Africa  for  African  work,  just  as  Indian 
natives  are  employed  in  India,  is  thoroughly  sound.  We  want  si'hools 
in  Africa  as  well  as  in  England.  Only  in  this  way  will  the  vjist  areas 
still  unmapped  in  our  African  proteetoi-ates  be  dealt  with  at  reasonable 
cost  and  in  a  reasonable  sjmce  of  time. 

PHOTOTOPOC}  RAPHY. 

Certain  developments  in  the  practical  field  of  geography  have  lately 
l)een  brought  to  the  test  of  continued  experimental  application,  and 
the  progress  of  these  expei'iments  deserves  a  passing  record.  Notiibly 
the  application  of  photograph  v  to  purposes  of  geographical  illustration 
has  received  immense  impetus  from  the  apparent  facility  with  which 
the  experimental  media  can  be  handled.  In  favor  of  the  haphazard 
landscape  illustrations,  with  which  we  are  usually  deluged  by  travelers, 
there  is  little  to  be  said.  They  are  far  more  frequently  illustrations 
of  the  personal  progress  of  the  author  than  of  the  general  character  of 
the  country  he  progressed  through.  Neither  is  there  much  more  to 
commend  in  photographs  designed  to  reproduce  geological  or  tectonic 
features,  glacial  configuration,  special  orographical  conditions,  or  the 
like,  unless  the  position  of  them  and  the  direction  of  the  line  of  sight 
from  the  point  of  view  are  very  clearly  indicated  on  a  corresponding 
map.  At  the  l)est  they  are  apt  to  be  deceptive  for  the  rejison  that  they 
can  but  deal  with  one  side  of  a  subject  and  with  onl}"  a  partial  view  of 
the  particular  feature  they  represent.  Everyone  knows  that  an  appar- 
ent i*ange,  or  even  a  system  of  ranges,  of  mountiiins  may  be  nothing 
but  the  revetment  of  a  high  plateau  or  table- land,  but  the  photograph 
of  such  a  mountain  system  will  give  no  indication  of  the  plateau  be3'ond 
which  can  indeed  only  be  determined  by  a  survey  and  properly  illus- 
ti'ated  by  a  map.  I  need  hardly  say  that  a  topographical  delineation 
of  ground  derived  from  observations  made  by  the  aid  of  photography 
demands  as  much  technical  skill  on  the  part  of  the  topographer  and  as 
much  S3^stematic  application  of  the  use  of  instruments  as  any  other 
survey.  It  must  be  a  combination  of  careful  triangulation  and  skillful 
plane  tabling  precisely  as  is  the  product  of  a  topographical  survej'. 
It  demands,  if  anything,  more  special  training  and  a  more  elaborate 
method  of  procedure  than  does  ordinary  survey.  So  far  as  the  results 
of  experiments  made  over  suitable  fields  in  Canada  can  teach  us,  the 
verdict  is  in  favor  of  the  process  only  under  certain  conditions  of  light 
and  climate  when  it  is  desirable  to  obtain  a  record  of  observations  in 
as  short  a  space  of  time  as  possible,  either  in  high  altitudes,  when 
passing  clouds  afford  !)ut  a  fleeting  view  of  the  landscape,  or  in  low- 
lying  districts,  where  active  tribal  hostility  in  the  field  or  some  similar 
condition  renders  it  desirable  to  curtail  operations  as  nuich  as  possi})le, 
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Under  all  other  ordinary  conditions  it  is  maintained  ])y  Canadian  sur- 
veyors that,  although  both  time  and  hihor  may  be  saved  on  the  field 
operations,  the  resulting  map  can  never  attain  the  same  standard  of 
accuracy  in  detail  that  distinguishes  good  topographical  illuvstration  of 
the  usual  variety  of  natural  features.  I  am,  of  course,  now  speaking 
of  geographical  surv^eying  as  an  art,  not  of  mere  geographical  exploi- 
tation. In  the  latter  case  doubtless  every  traveler  who  can  "pull  the 
string"  in  these  days  can  add  immensely  to  the  i^rsonal  interest  of  his 
journeys  by  his  illustrations  of  them.  But  I  would  earnestly  impress 
upon  all  travelers  that  if  they  desire  those  illustrations  to  ))e  of  any 
use  for  geogi*aphical  compilation  it  is  absolutely  necessary  to  know 
the  point  from  which  they  were  taken  and  the  direction  of  the  view. 

BAROMETRIC    RECORDS. 

Once  again,  too,  would  1  warn  travelers  of  the  utter  uncertainty  of 
all  classes  of  barometric  determinations  for  altitude.  Verv  little  has 
been  done  in  recent  years  toward  improving  instruments  of  the  l>aro- 
metric  class,  and  meteorological  science  has  not  yet  taught  us  how  to 
deal  with  the  constant  v^ariations  in  air  pressure  produced  over  local 
areas  bv  chaniifeable  weather.  There  are  some  countries  where  baro- 
metric  records  can  hardly  be  regarded  as  offering  a  clue  even  to 
differential  heights.  It  can  not  ])e  too  often  insisted  on  that  the 
determination  of  the  relative  heights  of  mountain  peaks  and  of  the 
local  value  of  refraction  by  means  of  the  theodolite  is  fis  much  the 
duty  of  the  triangulator  as  is  the  fixing  of  those  peaks  in  position  for 
the  use  of  the  topographer.  From  thc^se,  again,  the  altitude  of  posi- 
tions in  the  plains  can  ])e  safely  determined  ])v  small  instruments  of 
the  clinometer  class  without  resorting  to  the  })arometer  at  all,  although 
it  may  still  ])e  necessary  to  ascertain  the  value  of  one  initial  (or  final) 
point  which  must  be  determined  ])y  many  observations  spread  over  a 
considerable  length  of  time  and  synchronous  with  another  set  of  obser- 
vations determined  at  sen,  or  some  already  known,  level.  This,  of 
course,  will  occur  only  when  a  new  geographical  area  is  opened  up  to 
survey  at  some  distance  from  the  sea. 

UNIVERSAL    MAPPING. 

It  will  ])e  remem})ered  that  a  scheme  was  set  afloat  some  veal's  asro 
b}'  Dr.  Penck,  the  eminent  German  geographer,  for  the  mapping  of 
the  whole  world  on  the  scale  of  one-millionth,  which  is  verv  nearly 
equivalent  to  the  scale  of  10  miles  to  1  inch.  Su})stantial  progress  has 
now  been  made  in  support  of  this  scheme  ])v  F^nglish  map  makers, 
especially  in  India,  where  all  the  transborder  countries  which  have 
lallen  geographically  into  the  hands  of  Indian  surveyors  are  now  btung 
mapped  on  this  scale.  In  the  conmiencement  of  all  great  colonial 
^urve3■  schemers  it  is  much  to  be  hoped  that  this  project  for  one 
homogeneous  and  universal  map  will  not  be  lost  sight  of. 
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MAP   SPELLING. 

I  wish  that  we  were  as  well  on  the  wav  toward  honu>irt^neitv  in 
spelling  as  we  are  in  si-ale,  but  it  is  much  to  be  feareil  that  arbitnirv 
rules  will  have  to  be  applied  to  so  many  special  lociilities  that  no 
univei'sal  system  is  ever  likelv  to  l)e  adopted.  The  farther  that  exact 
geography  extends  the  more  difficult  becomes  this  problem,  until  at 
last  we  shall  probably  arrive  at  the  conclusions  adopted  long  ago  by 
the  government  of  India,  and  consider  it  best  to  lay  down  by  order  an 
arbitrarj'^  list  of  prominent  names  and  rule  that  the  spelling  of  them 
shall  be  maintained  as  in  this  list  in  all  Government  records  and  ma{>s. 
Scientists  may  disagree,  but,  after  all,  it  seems  the  only  pmctical  way 
out  of  the  confusion  that  exists  at  present. 

TERMINOLOCJY. 

There  is  yet  another  subject  of  world-wide  interest  to  the  geograph- 
ical student  equally  with  the  practical  geographer  which  requires 
something  of  the  erudition  of  the  philological  scholar  to  be  brought 
to  bear  upon  it  in  order  to  arrive  at  a  satisfactory  issue.  1  refer  to 
the  subject  of  geographical  terminology.  It  may  seem  an  easy  thing 
to  be  satisfied  with  such  general  definitions  as  are  involved  in  the  terms 
**■  range  of  mountains,"  "coast  lines,"  "main  channels/'  "watei'sheck," 
"slopes,"  "affluents,"  and  the  like;  but  when  these  tt»rms,  and  terms 
similar  to  them,  are  employed  in  international  agreements  and  treaties, 
canying  with  them  the  necessity  for  identifying  on  the  face  of  nature 
the  feature  which  corresponds  to  the  term  employed,  there  is  always 
to  be  found  room  for  discussion  as  to  what  its  exact  meaning  may  bo; 
for  the  variations  of  nature  are  infinite,  and  no  two  features  classified 
under  the  same  generic  name  are  alike.  Were  I  to  give  you  examples 
of  only  a  few  of  the  geographical  expressions  which,  carelessl}-  used, 
have  led  up  to  serious  international  disagreements  you  would,  I  am 
assured,  agree  with  me  that  it  is  high  time  that  geographers  all  the 
world  over  came  to  some  definite  understanding  about  the  meaning  of 
geograj)hical  terms.  To  take  an  instance.  What  is  a  "range''  or  a 
"main  range"  of  mountains  if  Where  does  it  begin  i  Where  does  it 
end?  How  far  does  the  term  involve  geological  structured  When 
a  continuous  line  of  similar  structure  is  split  across  the  axis  of  it,  does 
it  become  two  ranges  or  does  it  remain  one  and  the  same  range  i  Or, 
again,  what  is  **the  foot  of  the  hills T'  Is  it  where  the  steep  .slopes 
end  and  the  talus  or  gentle  gradients  of  its  detritus  commence,  or  must 
you  follow  the  latter  down  to  the  nearest  watercourse  i  If  you  talk 
of  the  coast  line  of  western  Patagonia  or  of  Norway,  do  you  include 
such  headlands  as  are  connected  with  the  mainland  at  low  water  and 
exclude  the  islands,  or  do  you  mean  the  coast  line  of  bothi  What  is 
the  main  channel  of  a  river?    Is  it  where  the  flowing  water  scours 
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deepest  from  time  to  time,  or  is  it  a  fixture  among  a  score  of  minor 
channels  that  shift  and  changed  Perfect  definition  is,  of  course,  hope- 
less. It  is  not  in  the  power  of  man  to  deal  with  all  the  infinite  vari- 
ations of  geographical  feature  and  to  classify  them  as  he  would  speci- 
mens of  botanical  origin  or  of  natural  history.  But  Ave  might  arrive 
at  a  much  more  satisfactory  dictionary  of  geographical  terms  in  our 
own  language  than  at  present  exists,  and  we  might  offer  that  dictionary 
to  the  geographers  of  the  world  at  large  and  say,  "Here  we  have  at 
least  endeavored  to  explain  our  meaning  when  we  make  use  of  geo- 
graphical expressions.  This  is  what  is  taught  in  our  schools  as  the 
best  means  of  tmnslating  the  general  idea  into  a  distinct  mental  con- 
ception of  natural  features;  and  in  future  when  we  use  these  terms 
you  will  know  on  the  best  authority  that  England  can  produce  what  it 
is  that  we  mean  by  them."  Then,  possibly,  instead  of  having  to  turn 
to  Germany  and  France  for  assistance  in  expressing  ourselves  clearly 
when  drawing  up  legal  documents  dealing  with  geographical  condi- 
tions, we  may  find  the  English  language  become  the  standard  for  this 
special  class  of  literature  in  spite  of  its  verbal  poverty.  This,  at  any 
rate,  is  what  is  now  being  attempted  by  the  Geographical  Society, 
which  spares  no  effort  in  order  to  obtain  the  best  litei'ary  assistance  in 
its  compilation  that  the  country  affords.  We  shall  soon  have  a  geo- 
graphical dictionary,  I  trust,  and  be  able  to  enter  with  a  little  more 
ease  and  confidence  into  the  field  of  literary  discussion  of  geograph- 
ical subjects. 

PROGRESS   OF   GEOGRAPHICAL   EDUCATION. 

The  progress  of  geographical  education  in  the  country,  although  it 
is  by  no  means  so  universally  apparent  as  might  be  considered  desir- 
able, 3'et  shows  encouraging  symptoms  of  vitality  in  many  directions. 

The  Civil  School  at  Oxford,  for  instance, conducted  by  Mr.  Mackinder, 
has  already  made  most  successful  efforts  to  produce  expert  teachers  of 
geography.  Here,  in  addition  to  163  undergraduates  attending  courses 
during  the  past  year,  five  students  have  already  won  the  post-graduate 
diploma  granted  .by  the  university,  and  it  is  encouraging  to  note  that 
four  out  of  the  five  have  already  obtained  distinctively  geographical 
work.  Others  similarly  qualified,  if  of  sufficient  ability,  would  ])rob- 
ably  not  have  long  to  wait  for  opportunities.  In  addition  to  its  regu- 
lar university  functions,  the  Oxford  school  has  this  year  organized  a 
summer  course  of  three  weeks'  stud  v.  This  has  been  well  attended 
by  teachers  and  instructors  from  all  parts  of  the  country,  and  e>en 
from  America. 

In  London  a  department  of  economic  geogr«iphy  is  in  course*  of 
organization  at  the  School  of  Economics  and  Political  Science,  and 
geography  will  become  a  compulsory  subject  in  examinations.    In  the 
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matter  of  examinations  we  have  to  clironicle  the  issue  of  a  most  excel- 
lent sylla))U8  for  the  new  London  matriculation  which  should  ultimately 
have  ^reat  influence  on  the  teaching  in  many  schools. 

Further,  the  Geographical  Association,  a  body  now  of  several  hun- 
dred teachers,  has  made  great  progress.  It  has  recently  commenced 
the  issue  of  a  journal  known  as  the  "Geographical  Teacher,"  one  of 
whose  functions  appears  to  be  the  criticism  of  the  questions  set  in 
various  public  examinations. 

In  the  University  of  Cambridge  the  interests  of  geography  are 
dou])tless  not  overlooked,  but  they  are  not  conspicuously  in  evidence, 
and  I  have  no  trustworthy  data  of  the  progress  made  in  their  main- 
tenance. 

In  military  schools  the  report  of  the  late  committee  appointed  to 
consider  the  education  of  army  officers  shows  clearly  enough  that 
among  all  the  necessary  subjects  for  a  cadet's  education  which  have  to 
l)e  crammed  into  the  exceedingly  short  course  of  his  militarj"  school- 
ing that  branch  of  geography  which  is  embraced  by  the  term  "mili- 
tary topogi*aphy "  finds  a  very  conspicuous  place.  The  short  course 
of  a  military  school  will  never  turn  out  an  accomplished  geographical 
surveyor-,,  nor  does  it  in  any  way  outflank  the  necessity  for  a  military 
school  for  professional  topographers.  But  it  t^jaches  the  young  officer 
how  maps  are  made  and  instnicts  him  in  the  use  of  topographical 
symbols.  It  would  be  well  if  it  could  l)e  pushed  a  little  further — if  it 
could  teach  him  how  to  make  use  of  the  maps  when  thej'  are  made — 
for  personal  experience  convinces  me  that  the  apathy  shown  hy  many 
of  our  foremost  generals  and  leaders  on  the  subject  of  maps  arises 
chieflv  from  a  well-founded  doubt  of  their  own  abilitv  to  make  use  of 
them.  As  for  the  broader  basis  of  general  geographicjal  instruction 
which  would  deal  with  the  distribution  of  important  military  posts 
and  strategic  positions  throughout  the  Empire  and  teach  officers  the 
functions  of  such  positions,  either  individually  or  in  combination,  during 
militaiy  or  naval  operations,  it  is  perhaps  better  that  such  a  strategic 
aspect  of  geogniphy  should  be  relegated  to  a  later  age,  when  the  aver- 
age intelligen(*e  of  the  cadet  has  become  more  fully  developed. 

Taking  it  for  all  in  all,  there  are  distinct  signs  of  a  more  general 
interest  and  more  scholarly  standard  of  thought  in  the  subject  of 
geograph}'.  This  is  probably  due  to  the  efforts  of  a  compamtively 
small  group  of  workers  at  a  time  of  general  educational  reform,  possi- 
blv  mrtlv  stimulated  bv  the  disclosures  in  connection  with  the  late  war. 

The  methods  of  further  improvement  are  simple — better  teachers 
and  l>etter  examining — and  for  )>oth  it  is  probable  that  we  nuist  look 
more  directiv  to  civil  sources  than  to  the  tentative  efforts  of  the  mili- 
tarv  schools. 
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It  will  lead  into  1113'  subject  most  conveniently  io  contrast  and 
separate  two  divergent  types  of  mind,  types  which  are  to  be  distin- 
guished chiefly  by  their  attitude  tx)ward  time,  and  more  particularly 
by  the  relative  importance  they  attach  and  the  relative  anion nt  of 
thought  they  give  to  the  future  of  things. 

The  first  of  these  two  types  of  mind,  and  it  is,  I  think,  the  predominant 
type,  the  type  of  the  majority  of  living  people,  is  that  which  seenw 
scarcely  to  think  of  the  future  at  all,  which  regards  it  as  a  sort  of  black 
nonexistence  upon  which  the  advancing  present  will  presently  writer 
events.  The  second  type,  which  is,  I  think,  a  more  modi^'n  and  nuich 
less  abundant  type  of  mind,  thinks  constantly  and  by  proferenct*  of 
things  to  come,  and  of  present  things  mainly  in  relation  to  the  results 
that  nmst  arise  from  tht^m.  The  former  type  of  mind,  when  one  gctn 
it  in  its  purity,  is  retrospective  in  habit,  and  it  inUM'prets  the  things  of 
the  present,  and  gives  value  to  this  and  denies  it  to  that,  entirely  with 
relation  to  the  pjist.  The  latUn*  tyjxi  of  mind  is  constructive  in  habit, 
it  inteiprets  the  things  of  the  present  and  gives  value  to  this  or  that, 
entirely  in  relation  to  things  designed  or  foreseen.  While  from  that 
foniier  prjint  of  view  our  life  is  simply  to  reap  the  <*onsequen<*es  of  the 
pjist,  from  this  our  life  is  to  prepare  the  f utuie.  The  former  ty jM»  one 
might  s|K*ak  of  as  the  legal  or  submissive  type  of  mind,  fwcaus**  the 
business,  the  practice,  and  the  tminingof  a  lawyer  disj^osc  him  toward 
it;  he  of  all  men  must  most  constantly  refer  to  the  law  rniulc,  the  right 
established*  the  prc^'edent  w*t,  and  most  consistx*ntly  ignore  or  <*om- 
demn  the  thing  that  is  only  wH*king  to  cstaf>lish  its<*lf ,  The  latti^r  ty|x* 
of  mind  I  might  for  contrast  call  the  legislative,  creativ<*,  organizing, 
or  masterful  t3'[x%  Ixx-auNC  it  is  |x*r|M4ually  atta<*king  and  alt^^ring  the 
establif-hcJ  onler  of  things.  jK^rjxHualiy  falling  away  from  n*s|X'ct  for 

" Etppriiiti*<1  l»y  ]>eniii»8i<ni  from  "Natun*,"  jy»n<loii.  No.  J0H4,  vol.  ^5,  y^],.  <>.  VMKi. 
''A  iVm'<nir>^  delivertjd  at  the  li<>yal  JiiHtitution  ••u  Kri<JUi>',  Jmnuuy  24,  i^M)'^,  )>y 
Mr.  JL  4;.  VVeUt. 
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what  the  past  has  given  us.  It  sees  the  world  as  one  great  workshop, 
and  the  present  is  no  more  than  material  for  the  future,  for  the  thing 
that  is  yet  destined  to  be.  It  is  in  the  active  mood  of  thought,  while 
the  former  is  in  the  passive;  it  is  the  mind  of  youth,  it  is  the  mind 
more  manifest  among  the  western  nations,  while  the  former  is  the  mind 
of  age,  the  mind  of  the  oriental. 

Things  have  been,  sa>  s  the  legal  mind,  and  so  we  are  here.  And 
the  creative  mind  says  we  are  here  because  things  have  yet  to  be. 

Now  I  do  not  wish  to  suggest  that  the  great  mass  of  people  l>elong  to 
.  either  of  these  two  types.  Indeed,  1  speak  of  them  as  two  distinct 
and  distinguishable  types  mainly  for  convenience  and  in  order  to 
accentuate  their  distinction.  There  are  probably  ver3^  few  people  who 
brood  constantly  upon  the  past  without  any  thought  of  the  future  at 
all,  and  there  arc  probably  scarcely  any  who  live  and  think  consist-ently 
in  relation  to  the  future.  The  great  mass  of  people  occupy  an  inter- 
mediate position  between  these  extremes,  they  pass  daily  and  hourly 
from  the  passive  mood  to  the  active,  they  see  this  thing  in  relation  to 
its  associations  and  that  thing  in  relation  to  its  consequences,  and  the}' 
do  not  even  suspect  that  they  are  using  two  distinct  methods  in  their 
minds. 

But  for  all  that  they  are  distinct  methods,  the  method  of  reference 
to  the  past  and  the  method  of  reference  to  the  future,  and  their  min- 
gling in  man}'  of  our  minds  no  more  abolishes  their  difference  than  the 
existence  of  piebald  horses  proves  that  white  is  black. 

I  believe  that  it  is  not  sufficiently  recognized  just  how  different  in 
their  consequences  these  two  methods  are,  and  just  where  their  differ- 
ence and  where  the  failure  to  appreciate  their  difference  takes  one. 
This  present  time  is  a  period  of  quite  extraordinary  uncertainty  and 
indecision  upon  endless  questions — moral  questions,  aesthetic  questions, 
religious  and  political  questions — upon  which  we  should  all  of  us  Ije 
happier  to  feel  assured  and  settled,  and  a  very  large  amount  of  this 
floating  uncei'taint}'  about  these  important  matters  is  due  to  the  fact 
that  with  most  of  us  these  two  insufficiently  distinguished  wa3"s  of 
looking  at  thing.s  are  not  only  present  together,  but  in  actual  conflict 
in  our  minds,  in  unsuspected  conflict;  we  pass  from  one  to  the  other 
heedlessly  without  any  clear  recognition  of  the  fundamental  difference 
in  conclusions  that  exists  between  the  two,  and  we  do  this  with  disa^js- 
trous  results  to  our  confidence  and  to  our  consist^^ncy  in  dealing  with 
all  sorts  of  things. 

But  before  pointing  out  how  divergent  these  two  types  or  habits  of 
mind  really  are,  it  is  necessary  to  meet  a  possi])le  objection  to  what 
has  ])een  said.  I  may  put  that  objection  in  this  form:  Is  not  this  dis- 
tinction between  a  type  of  mind  that  thinks  of  the  past  and  of  a  ty]>e 
of  mind  that  thinks  of  the  future  a  sort  of  hair  splitting,  almost  like 
distinguishing  between  people  who  have  left  hands  and  people  who 
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have  right?  Every])ody  ))elieves  that  the  present  is  entirely  deter- 
mined b}"  the  past  3^ou  sa}^;  ))ut  then  everybody  believes  also  that  the 
present  determines  the  future.  Are  we  simply  separating  and  contrast- 
ing two  sides  of  everybody's  opinion  ?  To  which  one  replies  that  we 
are  not  discussing  what  we  know  and  believe  about  the  relations  of 
past,  present,  and  future,  or  of  the  relation  of  cause  and  effect  to  each 
other  in  time.  We  all  know  the  present  depends  for  its  causes  on  the 
past,  and  that  the  future  depends  for  its  causes  upon  the  present.  But 
this  discussion  concerns  the  way  in  which  we  approach  things  upon 
this  common  ground  of  knowledge  and  belief.  We  may  all  know  there 
is  an  east  and  a  west,  but  if  some  of  us  always  approach  and  look  at 
things  from  the  west,  if  some  of  us  always  approach  and  look  at  things 
from  the  east,  and  if  others  again  wander  about  with  a  pretty  disre- 
gard of  direction,  looking  at  things  as  chance  determines,  some  of  us 
will  get  to  a  westward  conclusion  of  this  journey,  and  some  of  us  will 
get  to  an  eastward  conclusion,  and  some  of  us  will  get  to  no  definite 
conclusion  at  all  about  all  sorts  of  important  matters.  And  yet  those 
who  are  traveling  east,  and  those  who  are  traveling  west,  and  those 
who  are  wandering  haphazard,  may  be  all  upon  the  same  ground  of 
belief  and  statement  and  amidst  the  same  assembly  of  proven  facts. 
Precisely  the  same  thing  will  happen  if  3'^ou  always  approach  things 
from  the  jwint  of  view  of  their  causes,  or  if  you  approach  them  alwa3^s 
with  a  view  to  their  probable  effects.  And  in  several  very  important 
groups  of  human  affairs  it  is  possible  to  show  quite  clearly  just  how 
widely  apart  the  two  methods,  pursued  each  in  its  purity,  take  tliose 
who  follow  them. 

I  suppose  that  three  hundred  years  ago  all  people  who  thought  at 
all  about  moral  questions,  about  questions  of  right  and  wrong,  deduced 
their  rules  of  conduct  absolutely  and  unreservedly  from  the  past,  from 
some  dogmatic  injunction,  some  finally  settled  decree.  The  great 
mass  of  people  do  so  to-day.  It  is  written,  they  say.  Thou  shalt  not 
steal,  for  example — that  is  the  sole,  complete,  and  sufficient  reason  why 
you  should  not  steal,  and  even  to-day  there  is  a  strong  aversion  to 
admit  that  there  is  any  relation  between  the  actual  consequences  of 
acts  and  the  imperatives  of  right  and  wrong.  Our  lives  are  to  reap  the 
fruits  of  determinate  things,  and  it  is  still  a  fundamental  presumption 
of  the  established  morality  that  one  must  do  right  though  the  heavens 
fall.  But  there  are  people  coming  into  this  world  who  would  refuse 
to  call  it  right  if  it  brought  the  heavens  about  our  heads,  however 
authoritative  its  sources  and  sanctions,  and  this  new  disposition  is,  I 
believe,  a  growing  one.  I  suppose  in  all  ages  people  in  a  timid,  hesi- 
tating, guilt}^  way  have  tempered  the  austerity  of  a  dogiuatic  moral 
code  by  small  infractions  to  secure  obviously  kindly  ends,'  but  it  was, 
I  am  told,  the  Jesuits  who  first  deliberately  sought  to  qualify  the 
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moral  interpretation  of  acts  by  a  consideration  of  their  results.  To-day 
there  are  few  people  who  have  not  more  or  less  dearly  discovered  the 
future  as  a  more  or  less  important  factor  in  moral  considerations. 
To-day  there  is  a  certain  small  proportion  of  people  who  frankly  regard 
moralit}^  as  a  means  to  an  end,  as  an  overriding  of  immediate  and  per- 
sonal considerations  out  of  regard  to  something  to  be  attained  in  the 
future,  and  who  break  away  altogether  from  the  idea  of  a  code  dog- 
maticallv  established  for  ever.  Most  of  us  are  not  so  definite  as  that, 
but  most  of  us  are  deeply  tinged  with  the  spirit  of  compromise  between 
the  past  and  the  future;  we  profess  an  unbounded  allegiance  to  the 
prescriptions  of  the  past,  and  we  practice  a  general  observance  of  it^s 
injunctions,  but  wg  qualify  to  a  vague,  variable  extent  with  considera- 
tions of  expediency.  We  hold,  for  example,  that  we  must  respect  our 
promises.  But  suppose  we  find  unexpectedly  that  for  one  of  us  to 
keep  a  promise,  which  has  been  sealed  and  sworn  in  the  most  sacred 
fashion,  must  lead  to  the  great  suffering  of  some  other  human  })eing, 
must  lead,  in  fact,  to  practical  evil?  Would  a  man  do  right  or  wrong 
if  he  broke  such  a  promise  ^  The  practical  decision  most  modern  peo- 
ple would  make  would  be  to  break  the  promise.  Most  would  say  that 
they  did  evil  to  avoid  a  greater  evil.  But  suppose  it  was  not  such  very 
great  suffering  we  were  going  to  inflict,  but  only  some  suffering^ 
And  suppose  it  was  a  rather  important  promise?  With  most  of  us  it 
would  then  come  to  be  a  matter  of  weighing  the  promise,  the  thing  of 
the  past,  against  this  unexpected  bad  consequence,  the  thing  of  the 
future.  And  the  smaller  the  overplus  of  evil  consecjuences  the  more 
most  of  us  would  vacillate.  But  neither  of  the  two  typ(»s  of  mind  we 
are  contrasting  would  vacillate  at  all.  The  legal  type  of  mind  would 
obey  the  past  unhesitatingly,  the  creative  would  unhesitatingly  siU'ri- 
fice  it  to  the  future.  The  legal  mind  would  sav,  "  they  who  break  the 
law  at  any  point  break  it  altogether,"  while  the  creative  mind  would 
sav,  '^h't  the  dead  past  bury  its  dead."'  It  is  convenient  to  take  my 
illustration  from  the  sphere  of  promises,  but  it  is  in  the  realm  of 
sexual  moralitv  that  the  two  methods  are  most  acutelv  in  conflict. 

And  I  would  like  to  suggest  that  until  you  have  deflnitely  deter- 
mined either  to  obey  the  real  or  imaginaiy  imperatives  of  the  past,  or 
to  set  yourself  toward  the  demands  of  some  ideal  of  the  future,  until 
you  have  made  up  your  mind  to  adhere  to  one  or  other  of  th(\se  two 
types  of  mental  action  in  these  matters,  you  arc  not  even  within  ho|>e 
of  a  sustained  consistency  in  the  thought  that  underlies  3'our  acts,  that 
in  eveiy  issue  of  princi])le  that  comes  upon  you,  you  will  be  entirely 
at  the  mercy  of  the  intellectual  mood  that  hapi)ens  to  be  ascendant  at 
that  particular  moment  in  your  mind. 

In  the  sphere  of  public  affairs  also  these  two  ways  of  looking  at 
things  work  out  into  equally  divergent  and  incompatible  consequences. 
The  legal  mind  insists  upon  treaties,  constitutions,  legitimsicies,  and 
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charters;  the  legitslative  incessantly  assails  these.  Whenever  some 
period  of  stress  sets  in,  some  great  conflict  between  institutions  and 
the  forces  in  things,  there  comes  a  sorting  between  these  two  types  of 
mind.  The  legal  mind  becomes  glorified  and  transfigured  in  the  form 
of  hopeless  loyalty,  the  creative  mind  inspires  revolutions  and  recon- 
structions. And  particularly  is  this  difference  of  attitude  accentuated 
in  the  disputes  that  arise  out  of  wars.  In  most  modern  wars  there  is 
no  doubt  quite  traceable  on  one  side  or  the  other  a  distinct  creative 
idea,  a  distinct  regard  for  some  future  consequence;  but  the  main 
dispute  even  in  most  modern  wars  and  the  sole  dispute  in  most  mediae- 
val wars  will  be  found  to  be  a  reference,  not  to  the  future,  but  to  the 
past;  to  turn  upon  a  question  of  fact  and  right.  The  wars  of  Plan- 
tagenet  and  Lancastrian  England  with  France,  for  example,  were  based 
entirel}^  upon  a  dummy  claim,  supported  by  obscure  legal  arguments, 
upon  the  crown  of  France.  And  the  arguments  that  center  about  the 
present  war  in  South  Africa  ignore  any  ideal  of  a  great  united  South 
African  state  almost  entirely,  and  quibble  this  way  and  that  about 
who  began  the  fighting  and  what  was  or  was  not  written  in  some 
obscure  revision  of  a  treaty  a  score  of  years  ago;  yet  beneath  the 
legal  issues  the  broad  creative  idea  has  ])een  very  apparent  in  the  pub- 
lic mind  during  this  war.  It  will  be  found  more  or  less  definitely 
formulated  beneath  almost  all  the  great  wars  of  the  past  century,  and 
a  comparison  of  the  wars  of  the  nineteenth  century  with  the  wars  of 
the  middle  ages  will  show,  1  think,  that  in  this  field  also  there  has  been 
a  discovery  of  the  future,  an  increasing  disposition  to  shift  the  refer- 
ence and  values  from  things  accomplished  to  things  to  come. 

Yet  though  foresight  creeps  into  our  politics  and  a  reference  to 
consecjuence  into  our  morality,  it  is  still  the  past  that  dominates  our 
lives.  But  why?  Why  are  we  so  bound  to  it'i  It  is  into  the  future 
we  go,  to-morrow  is  the  eventful  thing  for  us.  There  lies  all  that 
remains  to  be  felt  by  us  and  our  children  and  all  those  that  are  dear  to 
us.  Yet  we  marshal  and  order  men  into  classes  entirely  with  regard 
to  the  past,  we  draw  shame  and  honor  out  of  the  past;  against  the 
rights  of  property,  the  vested  interests,  the  agreements  and  establish- 
ments of  the  past  the  future  has  no  rights.  Literature  is  for  the  most 
part  history  or  history  at  one  remove,  and  what  is  culture  but  a  mold 
of  interpretation  into  which  new  things  are  thrust,  a  collection  of 
sbmdards,  a  sort  of  bed  of  KingOg,  to  which  all  new  expressions  must 
be  lopped  or  stretched?  Our  conveniences,  like  our  thoughts,  are  all 
retrospective.  We  travel  on  roads  so  narrow  that  they  suffoc^ite  our 
traffic;  we  live  in  uncomfortable,  inconvenient,  life-wasting  houses  out 
of  a  love  of  familiar  shapes  and  familiar  customs  and  a  dread  of 
strangeness,  all  our  public  affairs  are  cramped  by  local  boundaries 
impossibly  restricted  and  small.  Our  clothing,  our  habits  of  speech, 
our  .spelling,  our  weights  and  measures,  our  coinage,  our  religious  and 
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political  theories,  all  witness  to  the  binding  power  of  the  past  upon 
our  minds.  Yet  we  do  not  serve  the  past  as  the  Chinese  have  done. 
There  are  degrees.  We  do  not  worship  our  ancestors  or  prescribe  a 
rigid  local  costume;  we  venture  to  enlarge  our  stock,  of  knowledge, 
and  we  qualify  the  classics  with  occasional  adventures  into  original 
thought.  Compared  with  the  Chinese  we  are  distinctly  aware  of  the 
future.  But  compared  with  what  we  might  be  the  past  is  all  pur 
world. 

The  reason  why  the  retrospective  habit,  the  legal  habit,  is  so  domi- 
nant, and  always  has  been  so  predominant,  is  of  course^  a  perfectly 
obvious  one.  We  follow  the  fundamental  human  principle  and  take 
what  we  can  get.  All  people  believe  the  past  is  certain,  defined,  and 
knowable,  and  only  a  few  people  believe  that  it  is  possible  to  know 
anything  about  the  future.  Man  has  acquired  the  habit  of  going  to 
the  past  because  it  was  the  line  of  least  resistance  for  his  mind.  While 
a  certain  variable  portion  of  the  past  is  serviceable  matter  for  knowl- 
edge in  the  case  of  everyone,  the  future  is,  to  a  mind  without  an  im- 
agination trained  in  scientific  habits  of  thought,  nonexistent.  All 
our  minds  are  made  of  memories.  In  our  memories  each  of  us  has 
something  that  without  any  special  training  whatever  will  go  back 
into  the  past  and  grip  firmly  and  convincingly  all  sorts  of  workable 
facts,  sometimes  more  convincingly  than  firmly.  But  the  imagina- 
tion, unless  it  is  strengthened  by  a  very  sound  training  in  the  laws  of 
causation,  wanders  like  a  lost  child  in  the  blackness  of  things  to  come 
and  returns  emptj\ 

Many  people  believe,  therefore,  that  there  can  be  no  sort  of  cer- 
tainty about  the  future.  You  can  know  no  more  alx)ut  the  future,  I 
was  recently  assured  by  a  friend,  than  you  can  know  which  way  a  kit- 
ten will  jump  next.  And  to  all  who  hold  that  view,  who  regard  the 
future  as  a  perpetual  source  of  convulsive  surprises,  as  an  impenetra- 
ble, incurable,  perpetual  blackness,  it  is  right  and  reasonable  to  derive 
such  values  as  it  is  necessary  to  attach  to  things  from  the  events  that 
have  certainly  happened  with  regard  to  them.  It  is  our  ignomnce  of 
the  future  and  our  persuasion  that  that  ignorance  is  absolutely  incura- 
ble that  alone  gives  the  past  its  enormous  predominance  in  our 
thoughts.  But  through  the  ages,  the  long  unbroken  succession  of 
fortune  tellers — and  the}-  flourish  still — witnesses  to  the  perpetually 
smoldering  feeling  that  after  all  there  may  be  a  better  sort  of  knowl- 
edge— a  more  serviceable  sort  of  knowledge  than  that  we  now  possess. 

On  the  whole  there  is  something  sympathetic  for  the  dupe  of  the 
fortune-teller  in  the  spirit  of  modern  science;  it  is  one  of  the  persua- 
sions that  come  into  one's  mind,  as  one  assimilates  the  broad  concep- 
tions of  science,  that  the  adequacy  of  causation  is  universal;  that  in 
absolute  fact,  if  not  in  that  little  bubble  of  relative  fact,  which  consti- 
tutes tlie  individual  life,  in  absolute  fact  the  future  is  just  as  fixed  and 
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detenninate,  just  as  settled  and  inevitable^  just  as  possible  a  matter  of 
knowledge  as  the  past.  Our  personal  memory  gives  us  an  impression 
of  the  superior  reality  and  trustworthiness  of  things  in  the  past, 
as  of  things  that  have  finally  committed  themselves  and  said  their  say, 
but  the  more  clearl}"  we  master  the  leading  conceptions  of  science  the 
better  wc  understand  that  this  impression  is  one  of  the  results  of  the 
peculiar  conditions  of  our  lives,  and  not  an  absolute  truth.  The  man 
of  science  comes  to  believe  at  last  that  the  events  of  the  vear  A.  D. 
4000  are  as  fixed,  settled,  and  unchangeable  as  the  events  of  the  year 
16^K).  Only  about  the  latter  he  has  some  material  for  belief  and  about 
the  former  practically  none.  And  the  question  arises  how  far  this 
absolute  ignorance  of  the  future  is  a  fixed  and  necessary  condition  of 
human  life,  and  how  far  some  application  of  intellectual  methods  may 
not  attenuate  even  if  it  does  not  absolutelv  set  aside  the  veil  between 
ourselves  and  things  to  come.  And  I  am  venturing  to  suggest  to  you 
that  along  certain  lines  and  with  certain  qualifications  and  limitations 
a  working  knowledge  of  things  in  the  future  is  a  possible  and  practi- 
cable thing.  And  in  order  to  support  this  suggestion  I  would  call 
3'our  attention  to  certain  facts  about  our  knowledge  of  the  past^  and 
more  particularh'  I  would  insist  upon  this,  that  about  the  past  our 
range  of  absolute  certainty  is  very  limited  indeed.  About  the  past  I 
would  suggest  we  are  inclined  to  overestimate  our  certainty,  just  as  I 
think  we  are  inclined  to  underestimate  the  certainties  of  the  future. 
And  such  a  knowledge  of  the  past  as  we  have  is  not  all  of  the  same 
sort  or  derived  from  the  same  sources.  Let  us  consider  just  what  an 
educated  man  of  to-da}-  knows  of  the  past.  First  of  all  he  has  the 
realest  of  all  knowledge — the  knowledge  of  his  own  personal  expe- 
riences, his  memory.  LTneducated  people  believe  their  memories 
absolutely,  and  most  educated  people  believe  them  with,  a  few  reserva- 
tions. Some  of  us  take  up  a  critical  attitude  even  toward  our  own 
memories;  we  know  that  they  not  only  sometimes  drop  things  out,  but 
that  sometimes  a  sort  of  dreaming  or  a  strong  suggestion  will  put 
things  in.  But  for  all  that,  memory  remains  vivid  and  real  as  no  other 
knowledge  can  be,  and  to  have  seen  and  heard  and  felt  is  to  be  nearest 
to  absolute  conviction.  Yet  our  memory  of  direct  impressions  is  only 
the  smallest  part  of  what  we  know.  Outside  that  bright  area  comes 
knowledge  of  a  different  order — the  knowledge  brought  to  us  by  other 
people.  Outside  our  immediate  personal  memory  there  comes  this 
wider  area  of  facts  or  quasi  facts  told  us  by  more  or  less  tiTistworthy 
])eople,  told  us  by  word  of  mouth  or  by  the  written  word  of  living 
and  of  dead  writers.  This  is  the  past  of  report,  rumor,  tradition,  and 
history — the  second  sort  of  knowledge  of  the  past.  The  nearer  knowl- 
edge of  this  sort  is  abundant  and  clear  and  detailed,  remoter  it  becomes 
vaguer,  still  more  remotely  in  time  and  space  it  dies  down  to  brief, 
imperfect  inscriptions  and  enigmatical  traditions,  and  at  last  dies  away, 
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SO  far  as  the  records  and  traditions  of  humanity  go,  into  a  doubt  and 
darkness  as  black,  just  as  black,  as  futurity.  And  now  let  me  remind 
you  that  this  second  zone  of  knowledge  outside  the  bright  area  of 
what  we  have  felt  and  witnessed  and  handled  for  ourselv^es — this  zone 
of  hearsay  and  history  and  tradition — completed  the  whole  knowledge 
of  the  past  that  was  accessible  to  Shakespeare,  for  example.  To  these 
limits  man\s  knowledge  of  the  past  was  absolutely  confined  save  for 
some  inklings  and  guesses,  save  for  some  small,  almost  negligible 
beginnings,  until  the  nineteenth  centur^^  began.  Besides  the  correct 
knowledge  in  this  scheme  of  hearsay  and  history  a  man  had  a  certain 
amount  of  legend  and  error  that  rounded  off  the  picture  in  a  very  satis- 
fying and  misleading  way,  according  to  Bishop  Ussher,  just  exact!}* 
4004  years  B.  C.  And  that  was  man's  universal  history — that  was  his 
all — until  the  scientific  epoch  began.  And  beyond  those  limits — '( 
Well,  I  suppose  the  educated  man  of  the  sixteenth  century  was  as  cer- 
tain of  the  nonexistence  of  anything  before  the  creation  of  the  world 
as  he  was,  and  as  most  of  us  are  still,  of  the  practical  nonexistence  of 
the  future,  or  at  an}'  rate  he  was  a.s  satisfied  of  the  impossibility  of 
knowledge  in  the  one  direction  as  in  the  other. 

But  modern  science,  that  is  to  sa}'  the  relentless  s}  stematic  criticism 
of  phenomena,  has  in  the  past  hundred  years  absolutely  destroyed  the 
conception  of  a  finitely  distant  beginning  of  things;  has  abolished  such 
limits  to  the  past  as  a  dated  creation  set,  and  added  an  enormous  vista  to 
that  limited  sixteenth  century  outlook.  And  what  I  would  insist  upon 
is  that  this  further  knowledge  is  a  new  kind  of  knowledge,  obtained 
in  a  new  kind  of  a  way.  We  know  to-day,  quite  as  confidently^  and 
in  man}'  respects  more  intimately  than  we  know  Sargon  or  Zenobia 
or  Canictacus,  the  form  and  the  habits  of  creatures  that  no  Hying  teing 
has  eyer  met,  that  no  human  eye  has  ever  regarded,  and  the  character 
of  scenery  that  no  man  has  ever  seen  or  can  ever  possibly  see;  we  pic- 
ture to  oursi»lyes  the  labyrinthodon  raising  its  clums}'  head  above  the 
waters  of  the  carboniferous  swamps  in  which  he  lived,  and  we  tiguiv 
the  pterodactyls,  those  great  bird  lizards,  flapping  their  way  athwart 
the  fortsts  of  the  Mesozoicage  with  exactly  the  same  certainty  a^s  that 
with  which  we  picture  the  rhinoceros  or  the  yulture.  I  doubt  no  more 
about  the  facts  in  this  further  picture  than  I  do  aliout  those  in  the 
nearest.  I  believe  in  the  megatherium  which  I  have  never  seen  as 
confidently  as  I  believe  in  the  hippopotjimus  that  has  engulfed  buns 
from  my  hand.  A  vast  amount  of  detail  in  that  further  picture  is  now- 
fixed  and  finite  for  all  time.  And  a  countless  number  of  investigators 
are  persistently  and  confidently  enlarging,  amplifjung,  correcting,  and 
pushing  further  and  further  back  the  boundaries  of  this  greater  past — 
thi.^  prehuman  past — that  the  scientific  criticism  of  existing  phenomena 
has  discovered  and  restored  and  brought  for  the  first  time  into  the 
world  of  human  thought.     We  have  become  possessed  of  a  new  and 
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ODce  unsuspected  histor}"  of  the  world — of  which  all  the  histoiy  that 
was  known,  for  example,  to  Dr.  Johnson  is  only  the  brief  concluding 
chapter;  and  even  that  concluding  chapter  has  been  greatly  enlarged 
and  corrected  by  the  exploring  archaeologists  working  strictly  upon 
the  lines  of  the  new  method — that  is  to  say,  the  comparison  and  criti- 
cisDi  of  suggestive  facts. 

I  want  particularly  to  insist  upon  this,  that  all  this  outer  })ast — this 
nonhistorical  past — is  the  product  of  a  hew  and  keener  habit  of 
inquiry,  and  no  sort  of  revelation.  It  is  simply  due  to  a  new  and 
more  critical  way  of  looking  at  things.  Our  knowledge  of  the  geolog- 
ical past,  clear  and  definite  as  it  has  become,  is  of  a  different  and  lower 
order  than  the  knowledge  of  our  memory,  and  yet  of  a  quite  practica- 
ble and  trustworthy  order — a  knowledge  good  enough  to  go  upon; 
and  if  one  were  to  speak  of  the  private  memory  as  the  personal  past, 
as  the  next  wider  area  of  knowledge  as  the  traditional  or  historical 
past,  then  one  might  call  all  that  great  and  inspiring  background  of 
remoter  geological  time  the  inductive  past. 

And  this  great  discovery  of  the  inductive  past  was  got,  by  the  dis- 
cussion and  rediscussion  and  effective  criticism  of  a  number  of  existing 
facts,  odd-shaped  lumps  of  stone,  streaks  and  bandings  in  quarries  and 
cliffs,  anatomical  andldevelopmental  details  that  had  alwaj^sbeen  about 
in  the  world,  that  had  been  lying  at  the  feet  of  mankind  so  long  as 
mankind  had  existed,  but'that  no  one  had  ever  dreamed  before  could 
supply  any  information  at  all,  much  more  reveal  such  astounding  and 
enlightening  vistas.  Looked  at  in  a  new  way  they  became  sources  of 
dazzling  and  i^enetrating  light.  The  remoter  past  lit  up  and  became 
a  picture.  Considered  as  effects,  compared  and  criticised,  they  yielded 
a  clairvoyant  vision  of  the  history  of  interminable  years. 

And  now,  if  it  has  been  possible  for  men  ])v  picking  out  a  number 
of  suggestive  and  significant  looking  things  in  the  present,  by  com- 
paring them,  criticising  them,  and  discussing  them,  with  a  perpetual 
insistence  upon  why  ?  without  any  guiding  tradition,  and  indeed  in  the 
teeth  of  established  ])eliefs,  to  construct  this  amazing  search  light  of 
inference  into  the  remoter  past,  is  it  really,  after  all,  such  an  extrava- 
gant and  hopeless  thing  to  suggest  that,  ])v  seeking  for  openiting 
causes  instead  of  for  fossils,  and  })y  criticising  them  as  persistently  and 
thoroughly  as  the  geological  record  has  been  criticised,  it  may  ho  pos- 
sible to  throw  a  search  light  of  inference  forward  instead  of  backward, 
and  to  attain  to  a  knowledge  of  coming  things  as  clear,  as  universally 
convincing,  and  infinitely  more  important  to  mankind  than  the  clear 
vision  of  the  past  that  geology  has  opened  to  us  during  the  nineteenth 
centurv  ? 

Let  us  grant  that  anything  to  correspond  with  the  memory,  anything 
having  the  same  relation  to  the  future  that  memory  has  to  the  past,  is 
out  of  the  question.     We  can  not  imagine,  of  course,  that  we  can  ever 
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know  any  personal  future  tx)  correspond  with  our  personal  past,  or 
any  traditional  future  to  correspond  with  our  traditional  past;  but  the 
possibility  of  an  inductive  future  to  correspond  with  that  great  induct- 
ive past  of  geology  and  archaeology  is  an  altogether  different  thing. 

I  must  confess  that  I  believe  quite  firmly  that  an  inductive  knowl- 
edge of  a  great  number  of  things  in  the  future  is  becoming  a  human 
possibility.  I  believe  that  the  time  is  drawing  near  when  it  will  lie 
possible  to  suggest  a  systematic  exploration  of  the  future.  And  you 
must  not  judge  the  practicability  of  this  enterprise  by  the  failures  of 
the  past.  So  far  nothing  has  been  attempted,  so  far  no  first-class 
mind  has  over  focused  itself  upon  these  issues;  but  suppose  the  laws  of 
social  and  political  development,  for  example,  were  given  as  many 
brains,  were  given  as  much  attention,  criticism,  and  discussion  as  we 
have  given  to  the  law\s  of  chemical  combination  during  the  last  fifty 
years,  what  might  we  not  expect? 

To  the  popular  mind  of  to-day  there  is  something  very  difficult  in 
such  a  suggestion,  soberly  made.  But  here,  in  this  Institution  which 
has  watched  for  a  whole  century  over  the  splendid  adolescence  of 
science,  and  where  the  spirit  of  science  is  surely  understood,  you  will 
know  that  as  a  matter  of  fact  prophecy  has  always  been  inseparably 
associated  with  the  idea  of  scientific  research.  '  The  popular  idea  of 
scientific  investigation  is  a  vehement,  aimless  collection  of  little  facts, 
collected  as  the  bower  bird  collects  shells  and  pebbles,  in  methodical 
little  rows,  and  out  of  this  process,  in  some  manner  unknown  to  the 
popular  mind,  certain  conjuring  tricks — the  celebrated  wonders  of 
science — in  a  sort  of  accidental  way  emerge.  The  popular  conception 
of  all  discovery  is  accident.  But  you  will  know  that  the  essential 
thing  in  the  scientific  process  is  not  the  collection  of  facts,  but  the 
analysis  of  facts.  Facts  are  the  raw  material  and  not  the  substance  of 
science.  It  is  analysis  that  has  given  us  all  ordered  knowledge,  and 
you  know  that  the  aim  and  the  test  and  the  justification  of  the  scientific 
process  is  not  a  marketable  conjuring  trick,  but  prophecy.  Until  a 
scientific  theory  jdelds  confident  forecasts  you  know  it  is  unsound  and 
tentative;  it  is  mere  theorizing,  as  evanescent  as  art  talk  or  the  phan- 
toms politicians  talk  about.  The  splendid  body  of  gravitational 
astronomy,  for  example,  establishes  itself  upon  the  certain  forecast  of 
stellar  movements,  and  you  would  absolutelv  refuse  to  believe  its 
amazing  assertions  if  it  were  not  for  these  same  unerring  forecasts. 
The  whole  body  of  medical  science  aims,  and  claims  the  ability,  to 
diagnose.  MeteorologN'  constantly  and  persistently  aims  at  prophecy, 
and  it  will  never  stand  in  a  place  of  honor  until  it  can  certainly  fore- 
tell. The  chemist  forecasts  ehuuents  before  he  meets  them — it  is  ver}* 
properl}'  his  boast — and  the  splendid  manner  in  which  the  mind  of 
Clerk  Maxwell  reached  in  front  of  all  experiment  and  foretold  those 
things  that  Marconi  has  materialized  is  familiar  to  us  all. 
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And  if  1  am  right  in  saying  that  science  aims  at  prophec}',  and  if  the 
si^ecialist  in  each  science  is  in  fact  doing  his  best  now  to  prophesy 
within  the  limits  of  his  field,  what  is  there  to  stand  in  the  wav  of  our 
building  up  this  growing  body  of  forecast  into  an  ordered  picture  of 
the  future  that  will  be  just  as  certain,  just  as  strictly  scienc^%  and  jx;r- 
haps  just  as  detailed  as  the  picture  that  has  been  built  up  within  the  last 
hundred  years  to  make  the  geological  past?  Well,  so  far  and  until 
we  bring  the  prophecy  down  to  the  affairs  of  man  and  his  children,  it 
is  just  a.s  possible  to  carry  induction  forward  as  back;  it  is  just  as  sim- 
ple and  sure  to  work  out  the  changing  orbit  of  the  earth  in  the  future 
until  the  tidal  drag  hauls  one  unchanging  face  at  last  toward  the  sun 
as  it  h\  to  work  back  to  its  1)lazingand  molten  past.  I'^ntil  man  comes 
in,  the  inductive  futuie  i«  as  real  and  convincing  as  the  inductive  past. 
But  inorganic  forces  are  the  smaller  part  and  the  minor-interest  in 
this  concern.  Directly  uian  becomes  a  factor  the  nature  of  the  prob- 
lem changes,  and  our  whole  present  interest  centers  on  the  question 
whether  man  is,  indeed,  individually  and  collectively  incalculable,  a 
new  element  which  entirely  alters  the  nature  of  our  inquiry  and  stamps 
it  at  once  a.'»  vain  and  hopeless,  or  whether  his  presence  complicates, 
but  does  not  alter,  the  essential  nature  of  the  induction.  How  far  may 
we  hope  to  get  trustworthy'  inductions  about  the  future  of  man? 

Well,  I  think,  on  the  whole,  we  are  inclined  to  undermte  our  chance 
of  certainties  in  the  future,  just  as  I  think  we  are  inclined  to  be  too 
credulous  about  the  historical  past.  The  vividness  of  our  personal 
memories,  which  are  the  very  essence  of  realit}'  to  us,  throws  a  glamor 
of  conviction  over  tradition  and  past  inductions.  But  the  personal 
future  must  in  the  very  nature  of  things  be  hidden  from  us  so  long  as 
time  endures,  and  this  black  ignorance  at  our  very  feet — this  })lack 
shadow  that  corresponds  to  the  brightness  of  our  memories  behind  us — 
throws  a  glamor  of  uncertainty  and  unreality  over  all  the  future. 
We  are  continuall}'  surprising  ourselves  bv  our  own  will  or  want  of 
will;  the  individualities  about  us  are  continually  producing  the  unex- 
pected, and  it  is  very  natural  to  reason  that  as  we  can  never  be  pre- 
cisely sure  before  the  time  comes  what  we  are  going  to  do  and  feel, 
and  if  we  can  never  count  with  absolute  certainty  upon  the  acts  and 
happenings  even  of  our  most  intimate  friends,  how  nmch  the  more 
impossible  is  it  to  anticipate  the  behavior  in  any  direction  of  states 
and  communities  { 

In  reply  to  which  I  would  advance  the  suggestion  that  an  increase 
in  the  number  of  human  beings  considered  'may  positively  simplify 
the  case  instead  of  complicating  it;  that  as  the  individuals  increase  in 
number  they  begin  to  average  out.  Let  me  illustrate  this  point  by  a 
comparison.  Angular  pit  sand  has  grains  of  the  most  varied  shapes. 
Examined  microscopically,  you  will  find  all  sorts  of  angles  and  out- 
lines and  variations.     Before  you  look  you  can  say  of  no  particular 
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gmin  wnat  its  outline  will  he.  And  if  you  shoot  a  loud  of  sueh  sand 
from  a  eurt  you  can  not  foretell  with  any  certainty  where  any  partic- 
uldi  grain  will  be  in  the  heap  that  you  make;  hut  you  can  tell— you 
can  tell  ]^retty  detiniti*ly--the  form  of  the  heap  as  a  whole.  And  fur- 
ther, if  you  pass  that  sand  through  a  series  of  shoots  and  finally  drop 
it  some  distance  to  the  ground,  you  will  he  alile  (o  foretell  that  grains 
of  a  ceilain  sort  of  form  and  rize  will  for  the  most  part  T>c  found  in 
one  part  of  the  heap  and  grains  of  another  sort  of  form  and  size  will 
l>c  found  in  another  part  of  the  heap.  In  such  a  case,  3'ou  see,  the 
thing  JUM  a  whole  may  l>e  simpler  than  its  component  parts,  and  this  I 
suhmit  is  also  the  case  in  manv  human  affaii*s.  So  that  hecause  the 
individual  future  eludes  us  completely  that  is  no  reason  wh}'  we 
should  not  aspire  to,  and  discover  and  use,  safe  and  serviceahle  gen- 
eralizationr^  ui>on  countless  important  issues  in  the  human  destiny. 

But  there  is  a  v(»ry  gmve  and  innx)rtunt-looking  difference  between 
a  load  of  sand  and  a  multitude  <)f  human  beings,  and  this  I  mast  fai^e 
and  examine.  Our  thoughts  and  wills  and  emotions  are  contagious. 
An  exceptional  sort  of  sand  grain,  a  sand  grnin  that  was  exceptionally 
big  and  heavy,  for  example,  c^xerts  no  influence  W'orth  considering 
upon  any  other  of  the  sand  gi'ains  in  the  load.  They  will  fall  and  roll 
and  heap  themsidves  just  the  same  whether  that  exceptional  grain  is 
with  them  or  not;  but  an  exceptional  man  comes  into  the  world,  a 
Ctesar  or  a  Napoleon  or  a  Peter  the  Hermit,  and  he  appears  to  per- 
suade and  convince  and  compel  and  take  entire  possession  of  the  sand 
heai) — I  mean  the  community — and  to  twist  and  alter  its  destinies  to 
an  almost  unlimited  extent.  And  if  this  is  indeed  the  case,  it  reduces 
our  project  of  an  inductive  knowledge  of  the  future  to  very  small  lim- 
its. To  hope  to  foretell  the  l)irth  and  coming  of  men  of  exceptional 
force  and  genius  is  to  hope  incredibly,  and  if,  indeed,  such  ex(;ep- 
tional  men  do  as  nuich  us  they  seem  to  do  in  warping  the  path  of 
humanity,  our  utmost  prophetic  limit  in  human  affairs  is  a  conditional 
sort  of  prophecy.  If  people  do  so  and  so,  we  can  say,  then  such  and 
such  results  will  follow,  and  we  nuist  admit  that  that  is  <mr  limit. 

But  everybody  does  not  believe  in  the  importance  of  the  leading 
man.  There  are  those  who  will  sav  that  the  whole  world  is  ditfeix^nt 
})y  reason  of  Napoleon.  But  there  aie  also  those  who  will  say  the 
whole  world  of  to-day  would  })e  very  nmch  as  it  is  now  if  Napoleon 
had  never  been  born.  There  are  those  who  believe  entirely  in  the 
individual  man  and  those  who  believe  entirelv  in  the  forces  behind  the 

ft 

individual  man,  and  for  my  own  part  1  nuist  confess  myself  a  rather 
extreme  case  of  the  latter  kind.  I  nuist  confess  T  believe  that  if  bv 
some  juggling  with  space  and  time  Julius  Caesar,  Napoleon,  EMward 
IV,  William  the  Concpieror,  Lord  Rosehery,  and  Robert  Burns  had 
all  ])een  changed  at  birth  it  would  not  htive  producc^d  any  serious  dis- 
location of  the  course  of  d(istiny.     1  believe  that  these  great  men  of 
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ours  are  no  more  than  images  and  symbols  and  instruments  taken,  as 
it  were,  haphazard  by  the  incessant  and  consistent  forces  behind  then>; 
they  are  the  pen  nibs  Fate  has  used  for  her  writing,  the  diamonds 
upon  the  drill  that  pierces  through  the  rock.  And  the  more  one 
inclines  to  this  trust  in  forces  the  more  one  will  believe  in  the  pos- 
sibility of  a  reasoned  inductive  view  of  the  future  that  will  serve 
us  in  politics,  in  morals,  in  social  contrivances,  and  in  a  thousand 
•spacious  ways.  And  even  those  who  take  the  most  extreme  and  per- 
sonal and  melodramatic  view  of  the  ways  of  human  destiny,  who  see 
life  as  a  tissue  of  fairy  godmother  births  and  accidental  meetings  and 
promises  and  jealousies,  will,  I  suppose,  admit  there  comes  a  limit  to 
these  things — that  at  last  personality  dies  awaj'  and  the  greater  forces 
come  to  their  own.  The  great  man,  however  great  he  be,  can  not  set 
back  the  whole  scheme  of  things;  what  he  does  in  right  and  reason 
will  remain  and  what  he  does  against  the  greater  creativ^e  forces  will 
perish.  We  can  not  foresee  him;  let  us  grant  that.  His  personal 
difference,  the  splendor  of  his  effect,  his  dramatic  armngement  of 
events  will  be  his  own — in  other  words,  we  can  not  estimate  for  acci- 
dents and  accelerations  and  delays — but  if  only  we  throw  our  web  of 
generalization  wide  enough,  if  only  we  spin  our  rope  of  induction 
strong  enough,  the  final  result  of  the  great  man,  his  ultimate  surviving 
consequences,  will  come  within  our  net. 

Such,  then,  is  the  sort  of  knowledge  of  the  future  that  I  i)elieve  is 
attainable  and  worth  attaining.  I  believe  that  the  deliberate  direc- 
tion of  historical  study  and  of  economic  and  social  study  toward  the 
future,  and  an  increasing  reference,  a  deliberate  and  courageous  ref- 
erence, to  the  future  in  moral  and  religious  discussion,  would  ))e  enor- 
mously stimulating  and  enormously  profitable  to  our  intellectual  life. 
I  have  done  my  best  to  suggest  to  you  that  such  an  enterprise  is  now 
a  serious  and  practicable  undertaking.  But  at  the  risk  of  repetition 
I  would  call  your  attention  to  the  essential  difference  that  must  always 
hold  between  our  attainable  knowledge  of  the  future  and  our  existing 
knowledge  of  the  past.  The  portion  of  the  past  that  is  brightest  and 
most  real  to  each  of  us  is  the  individual  past — the  personal  memory. 
The  portion  of  the  future  that  must  remain  darkest  and  least  acces- 
sible is  the  individual  future.  Scientific  prophecy  will  not  be  fortune 
telling,  whattner  else  it  may  be.  Those  excellent  jxiople  who  cast 
horoscopes,  those  illegal  fashionable  palm-reading  ladies  who  alK>und 
so  much  to-day,  in  whom  nobody  is  so  foolish  as  to  believe,  and  to 
whom  everybody  is  foolish  enough  to  go,  need  fear  no  comi>etition 
from  the  scientilBc  prophets.  The  knowledge  of  the  future  we  may 
hope  to  gain  will  be  general  and  not  individual;  it  will  be  no  sort  of 
knowledge  that  will  either  hamper  us  in  the  exercise  of  our  individual 
free  will  or  relieve  us  of  our  personal  responsibility. 

And  now,  how  far  is  it  possible  at  the  present  time  to  speculate;  on 
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the  particuhir  outline  the  future  will  assume  when  it  is  investigatcnl  in 
this  way  { 

It  is  interesting,  }>efore  we  answer  that  question,  to  take  into  account 
the  speculations  of  a  ceilain  sect  and  culture  of  people  who  ali-eadv, 
before  the  middle  of    last  century,  had   set   their  fact*s  toward  the 
future  as  the  justifying  explanation  of  the  present.     These  were  the 
positivists,  whose  position  is  still  most  eloquently  maintained  and  dis- 
played by  Mr.  Frederic  Harrison,  in  spite  of  the  great  expansion  of 
the  human  outlook  that  has  occurred  since  Comte.     If  vou  read  Mr. 
Harrison,  and  if  you  are  also,  as  I  presume  your  presence  here  indi- 
cates, saturated  with  that  new  wine  of  more  spacious  knowledge  that 
has  been  given  the  world  during  the  last  fifty  years,  you  will  have 
been  greatly  impressed  by  the  peculiar  limitations  of  the  positivist 
conception  of  the  future.     So  far  as  I  can  gather,  Comte  was,  for  all 
practical  purposes,  totally  ignorant  of  that  remoter  past  outride  the 
past  that  is  known  to  us  by  history,  or  if  he  was  not  tot:illy  ignomnt 
of  its  existence,  he  was,  and  conscientiously  remained,  ignorant  of  its 
relevancy  to  the  histor}'  of  humanity.     In  the  narrow  and  limited  pjist 
he  recognized  men  had  always  been  like  the  men  of  to-day;   in  the 
future  he  could  not  imagine  that  the}'  would  be  anything  more  than 
men  like  the  men  of  to-day.     He  perceived,  as  we  all  pei'ceive,  that 
the  old  social  order  was  breaking  up,  and  after  a  richly  suggestive  and 
incomplete  analysis  of  the  forces  that  were  breaking  it  up  he  set  him- 
self to  plan  a  new  static  social  order  to  replace  it.     If  you  will  read 
Comte,  or,  what  is  much  easier  and  pleasanter,  if  you  will  read  Mr. 
Frederic  Harrison,  you  will  find  this  conception  constantly  apparent — 
that  there  was  once  a  stable  condition  of  society  with  hutnanity,  so  to 
speak,   sitting    down    in  an  orderly   and   respectable   manner;    that 
humanity  has  been  stirred  up  and  is  on  the  move,  and  that  finally  it 
will  sit  down  again  on  a  higher  plane,  and  for  good  and  all,  cultured 
and  happy,  in  the  reorganized  positivist  state.     And  since  he  could 
see  nothing  beyond  man  in  the  future,  there,  in  that  millennial  fashion, 
Comte  had  to  end.     Since  he  could  imagine  nothing  higher  than  man, 
he  had  to  assert  that  humanity,  and  particularly  the  future  of  humanity, 
was  the  highest  of  all  conceivable  things. 

All  that  was  perfectly  comprehensible  in  a  thinker  of  the  first  half  of 
the  nineteenth  century.  But  we  of  the  early  twentieth,  and  pirticu- 
larly  that  growing  majority  of  us  who  have  been  born  since  the 
Origin  of  Species  was  written,  have  no  excuse  for  any  such  limited 
vision.  Our  imaginations  have  been  tmined  u{X)n  a  past  in  which  the 
past  that  Comte  knew  is  scarcely  more  than  the  concluding  moment. 
We  perceive  that  man,  and  all  the  world  of  men,  is  no  more  than  the 
present  phase  of  a  development  so  great  and  splendid  that  l)eside  this 
vision  epics  jingle  like  nursery  rhymes,  and  all  the  exploits*  of  humanity 
shrivel  to  the  proportion  of  castles  in  the  sand.     Wc  look  back  through 
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countless  millions  of  years  and  see  the  great  will  to  live  struggling  out 
of  the  intertidal  slime,  struggling  from  shape  to  sliape  and  from  power 
to  power,  crawling  and  then  walking  confidently  uptm  the  land,  strug- 
gling generation  after  generation  to  master  the  air,  creeping  down 
into  the  darkness  of  the  deep;  we  see  it  turn  upon  itself  in  rage  and 
hunger  and  reshape  itself  anew;  we  watch  it  draw  nearer  and  more 
akin  to  us,  expanding,  elahomting  itself,  pui^suingits  relentless,  incon- 
ceivable purpose,  until  at  last  it  reaches  us  and  its  Iwing  beats  through 
our  biwns  and  arteries,  throbs  and  thunders  in  our  battle  ships,  roars 
through  our  cities,  sings  in  our  music,  and  flowers  in  our  art.  And 
when,  from  that  retrospect,  we  turn  again  toward  the  future,  surely 
any  thought  of  finality,  any  millennial  settlement  of  cultured  i:)ersons, 
has  vanished  from  our  minds. 

This  fact  that  man  is  not  final  is  the  great  unmanageable,  disturbing 
fact  that  rises  upon  us  in  the  scientific  discovery  of  the  future,  and  to 
1113'  mind,  at  any  rate,  the  question  what  Is  to  come  aftin*  man  is  the 
most  persistently  fascinating  and  the  most  insoluble  question  in  the 
whole  world. 

Of  course  we  have  no  answer.  Such  imaginations  sls  we  have  refuse 
to  rise  to  the  ta.sk. 

But  for  the  nearer  future,  while  man  is  still  man,  there  are  a  few 
general  statements  that  seem  to  grow  more  certain.  It  seems  to  be 
pretty  generally  l)elieved  to-day  that  our  dense  populations  are  in  the 
opening  phase  of  a  process  of  diffusion  and  ai^ ration.  It  seems  pretty 
inevitable  also  that  at  least  the  mass  of  white  population  in  the  world 
will  be  forced  some  way  up  th(»  scale  of  education  and  personal  efficiency 
in  the  next  two  or  three  decades.  It  is  not  difficult  to  collect  reasons 
for  supposing — and  such  reasons  have  been  collected — that  in  the  near 
future,  in  a  couple  of  hundred  years,  as  one  rash  optimist  has  written, 
or  in  a  thousand  or  so,  humanity  will  be  definitely  and  consciously 
organizing  itself  as  a  great  world  state — a  great  world  state  that  will 
purge  from  itself  nuich  that  is  mean,  much  that  is  bestial,  and  much 
that  makes  for  individual  dullness  and  dreariness,  grayness  and 
wretchedness  in  the  world  of  to-day;  and  although  we  know  that 
there  is  nothing  final  in  that  world  state,  although  we  see  it  only  as 
something  to  be  reached  and  passed,  although  we  arc  sure  there  will 
be  no  such  sitting  down  to  restore  and  perfect  a  culture  as  the  posi- 
ti vists  foretell,  yet  few  people  can  persuade  themselves  to  see  an^'thing 
})eyond  that  except  in  the  vaguest  and  more  geneitil  terms.  That 
world  state  of  more  efficient,  more  vivid,  beautiful,  and  eventful  people 
is,  so  to  speak,  on  the  brow  of  the  hill,  and  we  can  not  see  over,  though 
some  of  us  can  imagine  great  uplands  beyond  and  something,  something 
that  glitters  elusively,  taking  first  one  form  and  then  another,  through 
the  haze.  We  c^n  see  no  detail,  we  can  see  nothing  definable,  and  it 
is  simply.  I  know,  the  sanguine  necessity  of  our  minds  that  makes  us 
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believe  tliose  uplands  of  the  future  are  still  more  gracious  and  splendid 
than  W(»  can  either  hojx*  or  imagine.  But  of  things  that  can  l>e  denion- 
sti^ated  we  have  none. 

Yet  I  suppose  most  of  us  entertain  c^^rtain  necessary  persuasions, 
without  which  v  moral  life  in  this  world  is  neither  a  reasonable  nor  a 
possible  thing.  All  this  paper  is  built  finally  upon  certain  negative 
beliefs  that  are  int»|)able  of  scientific  establishment.  Our  lives  and 
powers  are  limited,  our  scope  in  space  and  time  is  limited,  and  it  is 
not  unrea8ona})le  that  for  fundamental  beliefs  we  must  go  outside  the 
sphere  of  reason  and  set  our  feet  upon  faith,  im^'.ieit  in  all  such 
speculations  as  this,  is  a  very  definite  and  quite  arbitrary  belief,  and 
that  belief  is  that  neither  humanity  nor  in  truth  any  individual  human 
being  is  living  its  life  in  vain.  And  it  is  entirely  by  an  act  of  faith 
that  we  must  rule  out  of  our  forecasts  certain  possibilities,  certain 
things  that  one  may  consider  improbable  and  against  the  chances,  but 
that  no  one  upon  scientific  grounds  can  call  impossible.  One  must 
admit  that  it  is  impossible  to  show  why  certain  things  should  not 
utterly  destroy  and  end  the  entire  human  race  and  story,  why  night 
should  not  presently  come  down  and  make  all  our  dreams  and 
efforts  vain.  It  is  conceivable,  for  example,  that  some  great  unex- 
pected mass  of  matter  should  presently  rush  upon  us  out  of  space, 
whirl  sun  and  planets  aside  like  dead  leaves  before  the  breeze,  and 
collide  with  and  utterly  destroy  every  spark  of  life  upon  this  e^rth. 
So  far  as  positive  human  knowledge  goes,  this  is  a  conceivably  possible 
thing.  There  is  nothing  in  science  to  show  why  such  a  thing  should 
not  ]h\  It  is  conceivable,  too,  that  some  pestilence  may  presently 
appear,  some  new  disease,  that  will  destroy,  not  10  or  15  or  2(>  per 
cent  of  the  earths'  inhabitants  a.s  pestilences  hav^edone  in  the  past,  but 
100  per  cent,  and  so  end  our  mce.  No  one,  speaking  from  scientific 
grounds  alone,  can  say.  That  can  not  be.  And  no  one  can  dispute 
that  some  great  dis(»ase  of  the  atmosphere,  some  tmiling  cometary 
poison,  some  great  emanation  of  vajx)r  from  the  interior  of  the  earth, 
such  as  Mr.  Shiel  has  made  a  brilliant  use  of  in  his  '*  Purple  Cloud,'' 
is  consistent  with  everv  demonstrated  fact  in  the  world.  There  mav 
arise  new  animals  to  pn^v  upon  us  by  land  and  sea,  and  there  may 
come  some  drug  or  a  wrecking  madness  into  the  minds  of  men.  And 
finallv,  there  is  the  reasonable  certaintv  that  this  sun  of  ours  must 
some  day  radiate  itself  toward  extinction;  that,  at  least,  must  happen: 
it  will  grow  cooler  and  cooler,  and  its  planets  will  rotate  ever  more 
sluggishly  until  some  day  this  earth  of  ours,  tideless  and  slow  moving, 
will  })e  dead  and  frozen,  and  all  that  has  lived  upon  it  will  lie  fi*ozen 
out  and  done  with.  There  surelv  man  must  end.  That  of  all  such 
nightmanvs  is  the  most  insistently  convincing. 

And  vot  one  doesn't  In^lieve  it. 

At  least  1  do  not.     And  I  do  not  b(»lieve  in  these  things  liecause  I 
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have  come  to  believe  in  certain  other  things — in  the  coherency  and 
purpose  in  the  world  and  in  the  grejitness  of  human  destiny.  Worlds 
may  freeze  and  suns  may  perish,  but  there  stirs  something  within  us 
now  that  can  never,  die  again. 

Do  not  misunderstawl  me  when  I  speak  of  the  gresitness  of  human 
destinv. 

If  I  maj^  speak  quite  openly  to  you,  I  will  confess  that,  considered 
as  a  tinal  product,  I  do  not  think  very  much  of  myself  or  (saving  your 
presence)  my  fellow-creatures.  1  do  not  think  I  could  possibly  join 
in  the  worship  of  humanity  with  any  gravity  or  sincerity.  Think  of 
it.  Think  of  the  ix)sitivo  facts.  There  are  surely  moods  for  all  of  us 
when  one  can  feel  Swift's  amazement  that  such  a  being  should  deal  in 
pride.  There  are  moods  when  one  can  join  in  the  laughter  of  Democ- 
ritus;  and  they  would  come  oftener  were  not  the  spectacle  of  human 
littleness  so  abundantly  shot  with  pain.  But  it  is  not  onl}^  with  pain 
that  the  world  is  shot — it  is  shot  with  promise.  Sn)all  as  our  vanity 
and  carnality  makes  us,  there  has  been  a  day  of  still  smaller  things. 
It  is  the  long  ascent  of  the  past  that  giv^es  the  lie  to  our  despair.  We 
know  now  that  all  the  blood  and  passion  of  our  life  was  represented 
in  the  Carboniferous  time  by  something — something,  perhaps,  cold- 
!)looded  and  with  a  clammy  skin,  that  lurked  between  air  and  water, 
and  fled  before  the  giant  amphibia  of  those  days. 

For  all  the  folly,  blindness,  and  pain  of  our  lives,  we  have  come 
some  way  from  that.  And  the  distance  we  have  traveled  gives  us 
some  earnest  of  the  way  we  have  yet  to  go. 

Wh}'  should  things  cease  at  n}an  ?  Why  should  not  this  rising  curve 
rise  yet  more  steeply  and  swifth'  ?  There  are  many  things  to  suggest 
that  we  are  now  in  a  phase  of  rapid  and  unprecedented  development. 
The  conditions  under  which  men  live  arc  changing  with  an  ever- 
increasing  rapidit}^  and,  so  far  as  our  knowledge  goes,  no  sort  of 
creatures  havx  ever  lived  under  changing  conditions  without  under- 
going the  profoundest  changes  themselves.  In  the  past  century  there 
was  more  change  in  the  conditions  of  human  life  than  there  had  been 
in  the  previous  thousand  years.  A  hundred  years  ago  invtmtors  and 
investigators  were  rare  scattered  men,  and  now  invention  and  inquiry  is 
the  work  of  an  organized  army.  This  century  will  see  changes  that 
will  dwarf  those  of  the  nineteenth  centurv,  as  those  of  the  nineteenth 
dwarf  those  of  the  eighteenth.  One  can  see  no  sign  anywhere  that 
this  rush  of  change  will  be  over  presently,  that  the  positivist  dream  of 
a  social  reconstruction  and  of  a  new  static  culture  phase  will  ever  be 
realized.  Human  society  never  has  been  (juite  static,  and  it  will  pres- 
ently cease  to  attempt  to  be  static.  P]  very  thing  !<e(^ms  pointing  to  the 
belief  that  we  are  entering  upon  a  progress  that  will  go  on,  with  an 
ever  widening  and  evermore  contident  stride,  forever.  The  reorgan- 
ization of  society  that  is  going  on  now  beneath  the  traditional  appear- 
ance  of   things   is   a   kinetic  reorganization.     We  are  getting   into 


392  THE    DISCOVERY  OF   THE    FUTURE. 

marching  order.  We  have  struck  our  camp  forever  and  we  are  out 
ui>on  the  roads. 

We  are  in  the  J)eginning  of  the  greatest  change  that  humanity  has 
ever  undergone.  There  is  no  shock,  no  epoch-making  incident — but 
then  there  is  no  shock  at  a  cloudy  daybreak.  At  no  point  can  we  say. 
Here  it  commencas,  now;  la.st  minute  was  night  and  this  is  morning. 
But  insensibly  we  are  in  the  day.  If  we  care  to  l(X)k,  we  can  foresee 
growing  knowledge,  growing  order,  and  presently  a  deliberate  improve- 
ment of  the  blood  and  character  of  the  mce.  And  what  we  can  see 
and  imagine  gives  us  a  measure  and  gives  us  faith  for  what  suipasses 
the  imagination. 

It  is  possible  to  l)elieve  that  all  the  past  is  but  the  l)eginning  of  a 
l)eginning,  and  that  all  that  is  and  has  been  is  but  the  twilight  of  the 
dawn.  It  is  possible  to  }>elieve  that  all  that  tlae  human  mind  has  ever 
accomplished  is  but  the  dream  before  the  awakening.  We  can  not  see, 
there  is  no  need  for  u-s  to  see,  what  this  world  will  be  like  when  the 
dav  lias  fuUv  come.  We  are  creatures  of  the  twilisfht.  But  it  is  out 
of  our  race  and  Ijneage  that  minds  will  spring,  that  will  reach  back  to 
us  in  our  littleness  to  know  us  better  than  we  know  ourselves,  and 
that  will  reach  forward  fearlessly  to  comprehend  this  futui*e  that 
defeats  our  eyes.  All  this  world  is  heavy  with  the  pi*omise  of  greater 
things,  and  a  day  will  come,  one  day  in  the  unending  succession  of 
days,  when  beings,  l>eings  who  are  now  latent  in  our  thoughts  and 
hiv^alen  in  our  loins,  shall  stand  upon  this  earth  as  one  stands  upon  a 
footstool,  and  shall  laugh  and  reach  out  their  hands  amidst  the  stars. 
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APPARENT    DIFFKRENCES    BETWEEN    LIVING    AND   BRUTE    BODIES— THE 

TWO   KINGDOMS. 

That  there  should  be  any  essential  similarity  Iwtween  an  inanimate 
object  and  a  living  being  seems  at  first  impossible.  What  resemblances 
can  be  discovered  l>etween  a  stone,  a  lion,  and  an  oak?  A  comparison 
of  the  inert  and  immovable  pebble  with  the  animal  that  bounds  and 
the  plant  that  each  year  extends  its  foliage  gives  an  impression  of 
strong  contrast.  Between  the  organic  and  the  inorganic  worlds  is  an 
apparent  abyss. 

The  first  impressions  we  receive  confirm  this  view;  supeiiicial  studies 
furnish  arguments  for  it.  There  is  thus  created  in  the  mind  of  the 
child,  and  later  in  that  of  man,  a  sharply  marked  distinction  between 
the  natural  objects  of  the  mineral  kingdom  on  the  one  hand  and  those 
of  the  two  kingdoms  of  living  beings  on  the  other. 

But  a  more  intimate  knowledge  tends  every  day  to  throw  doubt 
upon  the  strictness  or  absolute  character  of  such  distinction.  It  shows 
that  gross  or  brute  matter  can  no  longer  be  placed  on  one  side  and 
living  beings  on  the  other.  Scientists  deliberately  speak  of  *'  the  life 
of  matter,"  which  seems  to  the  uninstructed  a  contradiction  in  terms. 
Thev  discover  m  certain  classes  of  mineral  bodies  almost  all  the  attri- 
butes  of  life.  Thej^  find  in  others  fainter,  yet  recognizable,  indications 
of  an  undeniable  relationship. 

We  propose  to  pass  in  review  these  analogies  and  resemblances,  as 
has  already  been  done  in  a  fairly  complete  manner  by  MM.  L6o 
Errei-a,  Ch.  Ed.  Guillaume,  L.  Bourdeau,  Ed.  Griffon,  and  others. 
We  will  take  as  guides  the  excellent  studies  of  Rauber,  of  Ostwald, 
and  of  Tammann  upon  crystals  and  crystalline  germs,  studies  which  are 
merelv  »  continuation  of  those  of  Pasteur  and  of  Gernez.  •  These 
show  that  crystalline  bodies  are  endowed  with  the  principal  attributes 
of  living  bemgs — that  is  to  say,  with  a  definite  form,  an  apitude  for 
acquiring  it,  and  for  reestablishing  it  by  repairing  mutilations  that 

« Translated  from  "i^  vie  de  la  matiere"  in  Revue  dee  Deux  Mondes,  Paris, 

c  k'tober  15,  1902,  after  revision  and  extension  by  Professor  Dastre. 
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may  be  inflict-od  u\)on  it;  a  nutritive  incroa.sc  in  size  at  the  exj^ense  of 
the  mother  liquor  which  constitutes  its  culture  medium;  finally,  a  still 
more  incredible  pro|>erty,  all  the  chamcteristics  of  reproduction  by 
generation.  Other  curious  facts  observed  by  skillful  physicists — 
W.  Roberts- Austen,  W.  Sprin<^,  Stead,  Osmond,  Guillemin,  Charpy, 
Ch.  Ed.  Guillaume  — show  that  the  immutability  and  immobility  of 
bodies  supposed  to  be  the  most  rigid,  such  as  glass,  the  metals,  steel, 
and  brass,  are  only  false  appearances.  Beneath  the  surface  of  the 
metal  that  seems  to  us  inert  there  is  struggling  a  swarming  i>opulation 
of  molecules  that  displace  each  other,  move  about,  and  arrange  them- 
selves so  as  to  fonn  definite  figures,  taking  on  fonns  adapted  to  the 
conditions  of  the  environment.  Sometimes  it  is  jears  before  they 
arrive  at  a  state  of  ultimate  and  final  eciuilibrium  which  is  that  of 
eternal  rest. 

Ho\<'ever,  in  order  to  understand  these  facts  and  their  interpi"eta- 
tion  it  is  necessary  to  recall  the  fundamental  characteristics  of  living 
beings.  These  are  precisely  the  ones  which  it  is  believed  have  been 
found  in  inanimate  matter. 

I. 

UNIVKR8AL  LIFK— OPINIONS  OF  THE  PIIIUXSOPHERS  AND  1X)ETS. 

1.    PRIMITIVE    beliefs:    IDEAS   OF   THE    I*OETS. 

The  teachings  of  science  regarding  the  analogies  between  brute 
bodies  and  living  l>odies  accord  with  the  conceptions  of  the  philoso- 
phers and  the  fancies  of  the  poets.  The  ancients  conceived  that  all 
bodie.s  in  nature,  both  living  and  inert,  were  the  constituent  parts  of 
a  universal  organism,  the  macrocosm,  which  they  compared  to  the 
human  microcosm.  Tlu'j  attributed  to  it  a  principle  of  action,  the 
2)i<ycJu'^  analogous  to  the  vit^il  principle,  w  hich  directed  phenomena, 
and  an  intelligent  i)rinciple,  the  ntxni^  analogous  to  the  soul,  which 
comprehended  them.  This  universal  life  or  this  universal  soul  played 
an  important  part  in  their  metaphysical  system.  It  was  the  same 
with  the  poets.  Their  tendency  has  always  been  to  animate  nature 
for  the  purpose  of  bringing  her  into  harmony  with  our  thought.s  and 
feelini>:s.  Thev  seek  to  discover  the  life  or  soul  hidden  at  the  lK>ttom 
of  things. 

Lint  to  the  voices.     Every tliinjj  has  voice. 

\Vin<ls,  waves,  and  fianies,  trees,  ree(ls,  and  rockn  rejoice. 

They  live,  indeed,  each  thin^  instinct  w  ith  soul. 

After  making  proper  allowance  for  emotional  exaggeration,  ought 
we  to  consider  these  ideas  as  the  prophetic  divination  of  a  truth  which 
science  is  onh'  ju.st  beginning  to  dimly  perceive  if  Not  at  all.  As 
Kenan  has  said,  this  luiiversal  animism,  instead  of  lK>ing  a  pri>duct  of 
refined  reflection,  is  merely  a  legacy  from  the  most  primitive  of  men- 
tal processes,  a  leinnant  of  conceptions  belonging  to  the  childhood  of 
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humanity.  It  recalls  the  time  when  men  coneeivod  external  things 
only  in  terms  of  themselves,  when  they  made  from  each  object  of 
nature  a  living  being.  Thus  they  personified  the  sky,  the  earth,  the 
sea,  the  mountain,  the  rivers,  the  fountains,  and  the  fields.  They 
likened  to  animate  voices  the  nmrmur  of  the  forest: 

*    *    *    The  oak  ohides  and  the  birch 

Ih  whispering.     *    *    ♦ 

And  the  beech  muruiur».     There  are  voices  low 

I-iOf  t  in  the  willow's  shiver,  slight,  half-heard: 

*\\'hile  the  lone  pine  tree  moans  some  mystic  word. 

For  primitive  man,  as  for  the  poet  of  all  times,  everything  is  alive, 
and  every  voice,  ever}^  noise,  i.)  the  exi)ression  of  the  activity  of  a 
living  being  who  has  feelings  similar  to  our  own.  The  sighing  of  the 
breeze,  the  moan  of  the  wave  upon  the  strand,  the  babbling  of  the 
]>rook,  the  roaring  of  the  sea,  and  the  pealing  of  tHo  thunder  are 
nothing  less  than  saa,  joyous,  or  angry,  living  voices. 

These  impressions  were  embodied  in  a  mythology  v;hose  pleasing 
features  can  not  conceal  its  jntulcquacy.  Then  they  passed  into  phi- 
losophy and  approached  the  field  of  science.  Thales  believed  that  iili 
iKxlies  in  nature  were  animate  and  livlr.g.  Origen  considered  all  the 
stars  as  actual  l>eings.  Even  Kepler  himself  endowed  with  animate 
life  all  the  bodies  of  nature.  He  especially  attributed  to  the  celestial 
bodies  an  interior  principle  of  action,  which,  it  may  be  said  in  passing, 
is  contrary  to  the  law  of  the  inertia  of  matter,  which  has  wrongly  been 
ascribed  to  him  to  the  detriment  of  Galileo.  The  terrestrial  globe 
was,  according  to  him,  a  great  animal,  sensitive  to  astral  influences, 
frightened  at  the  approach  of  other  planets,  and  manifestiniif  its  terror 
by  tempests,  hurricanes,  and  earthquakes.  The  wonderful  flux  and 
reflux  of  the  ocean  was  its  breathing.  The  earth  had  its  blood,  its 
p«»rspiration,  its  excretions;  it  also  had  its  foods,  among  which  was 
the  sea  water  which  it  absorbed  bv  numerous  channels.  It  should  be 
said  that  at  the  end  of  his  life  Kepler  retracted  these  vague  dreams, 
ascribing  them  to  the  influence  of  J.  C.  Scaiiger.  He  explained  tliat 
by  the  soul  of  the  celestial  bodies  he  meant  nothing  but  their  motive 
force. 

2.    OPFNION   OF  THK  rHIIX>SOPHKRS. 

Transition  fro)n  brute  to  Urlmj  hoillrs, — The  lowering  of  tne  barrier 
l)etween  brute  l)odies  and  living  bodies  !)egan  with  those  philosophers 
who  introduced  into  the  world  the  great  principles  of  continuity  and 
evolution. 

Theprhicljyieofroiithiuity. — Among  these  Leibnitz  should  be  placed 
first.  According  to  the  doctrine  of  that  illustrious  philosopher,  as 
inteipreted  by  M.  Fouillee,  "there  is  no  inorganic  kingdom;  only  a 
groat  organic  kingdom,  of  which  mineral,  vegetable,  and  animal  forms 
are  the  various  developments.     *     *     *     Continuit}"  exists  everywhere 
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throughout  the  world,  and  life,  together  with  organization,  also  exists 
eveiT where.  Nothing  is  dead;  life  is  universal.'"  It  results  from 
this  that  there  is  no  interruption  or  break  in  the  succession  of  natural 
phenomena;  that  everything  develops  gradually,  and,  finally,  that  the 
origin  of  the  organic  being  must  be  sought  in  the  inorganic.  Life, 
properly  so  called,  has  not  in  fact  always  existed  on  the  surfa<'e  of  the 
globe.  It  appeared  there  at  a  certain  geologic  epoch,  in  a  purely 
inorganic  medium,  by  reason  of  favorable  conditions.  The  doctrine* 
of  continuity  obliges  us,  however,  to  admit  that  it  preexisted  there 
under  some  rudimentary  form. 

The  modern  philosophers  who  are  imbued  with  the  same  principles. 
MM.  Fouill^e,  L.  Bourdeau,  and  A.  Sal)atier,  exprefs  themselves  in 
terms  like  those  of  Leibnitz.  '^  Dead  matter  and  living  matterarB  not 
two  absolutely  different  entities,  but  represent  two  forms  of  the4ttme 
matter,  differing  only  in  degree,  sometimes  but  very  little.''  When 
tliere  is  only  a  question  of  degree  it  can  not  be  held  that  then*  is  an 
opposition.  We  ought  not  to  take  inequalities  for  contrary  attributes, 
renewing  here  the  error  that  leads  the  VAilgar  mind  to  consider  heat 
and  cold  as  objective  states  qualitatively  opposed  to  each  other. 

Conthinlty  hy  traixsittim. — The  reasoning  which  induces  us  to  remove 
the  barrier  between  the  two  kingdoms  and  to  consider  that  minerals 
are  endowed  with  a  sort  of  rudimentary  life  is  the  same  as  that  which 
obliges  us  to  admit  that  there  is  no  fundamental  difference  l3etween 
other  natural  phenomena.  There  are  transitions  between  that  which 
lives  and  that  which  does  not,  between  the  animat>e  being  and  the 
brute  body.  There  are  even  such  transitions  between  that  which 
thinks  and  that  which  does  not  think,  between  thought  and  no  thought, 
between  the  conscious  and  the  unconscious.  This  idea  of  insensible 
transition,  of  continuous  passage  between  apparent  opposites,  raises, 
at  first,  insurmountable  resistance  in  minds  not  prepared  for  it  by  a 
long  comparison  of  facts.  It  is  slowly  realized  and  at  last  accepted 
by  those  who,  in  the  world  of  things,  follow  the  infinity  of  gradations 
which  natural  phenomena  present.  The  principle  of  continuity'  comes 
at  last  to  constitute,  as  one  may  say,  a  sort  of  mental  attitude.  The 
man  of  science  may,  then,  l)e  led,  like  the  philosopher,  to  entertain  the 
idea  of  a  rudimentarv  form  of  life  that  animates  matter.  He  mav, 
like  the  philosopher,  be  guided  by  this  idea;  he  may  attribute  a  priori 
to  i)rute  matter  all  the  really  essential  qualities  of  living  beings.  But 
this  must  be  on  the  condition  that  he  nmst  afterwards  demonstrate 
these  attributed  qualities  by*means  of  observation  and  experimenta- 
tion. He  must  show  that  molecules  and  atoms,  far  from  being  inert 
and  dead  masses,  are  in  reality  active  elements,  endowed  with  a  sort 
of  inferior  life,  which  is  manifested  by  all  the  mutations  that  are 
observed  in  brute  matter:  by  attrai'tions  and  repulsioiLs,  b^'  move- 
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monts  in  response  to  exterior  stimulations,  by  variations  in  sttite  and 
of  etiuilibriuin;  finally,  by  the  S3^stematic  methods  by  which  these 
elements  group  themselves,  conforming  to  definite  type»  of  strueture 
and  producing  different  species  of  chemical  compounds. 

Co7itinmty  by  Hmnmatuhi. — The  idea  of  summation  leads  ))y  another 
way  to  the  same  result.  It  is  another  form  of  the  -principle  of  con- 
tinuity. A  totality  of  effects,  obscure  and  indistinct  in  themselves, 
produces  a  phenomenon  appreciable,  perceptible,  and  distinct,  seem- 
ingly heterogeneous  in  its  components  without,  however,  })eing  so. 
The  manifestations  of  atomic  or  molecular  activity  thus  become 
manifestations  of  vitiil  activitv. 

This  is  another  consequence  of  the  Leibnitzian  doctrine.  For, 
according  to  that  philosophical  doctrine,  individual  consciousness,  like 
individual  life,  is  the  collective  expression  of  a  multitude  of  elementary 
lives  or  consciousnesses,  inappreciable  because  of  their  low  degree, 
and  the  real  i)henomenon  is  found  to  be  the  sum,  or  rather  the  integml, 
of  all  these  insensible  effects.  The  elementary  consciousnesses  are 
hannonized,  unified,  integrated  in  an  effect  that  becomes  manifest,  in 
the  same  way  as  *'the  noises  of  waves,  not  one  of  which  would  be 
heard  if  b}'  itself,  3'et,  when  united  together  and  perceived  at  the  same 
instant,  become  the  resounding  voice  of  ocean.'' 

Ideas  of  the  pJdlosophers  an  to  seiisihility  and  consdov^n'ess  in  hnde 
hodles, — The  philosophers  have  gone  still  further  in  the  way  of  analo- 
gies, and  have  recognized  in  the  play  of  the  forces  of  brute  matter, 
particularly  in  the  play  of  the  chemical  forces,  a  humble  rudiment  of 
the  appetences  aiid  tendencies  that  regulate,  in  their  opinion,  the  func- 
tional activity  of  living  beings — a  trace,  as  it  were,  of  their  sensibility. 
The  reactions  of  matter  indicate,  in  their  eyes,  the  existence  of  a  sort 
of  hedonic  consciousness,  that  is  to  say,  a  consciousness  reduced  simply 
to  apprehension  of  distinction  between  well-being  and  its  opposite,  a 
desire  for  good  and  repulsion  from  harm,  which  they  suppose  to  be 
the  universal  principle  in  the  activity  of  things.  This  was  the  opinion 
of  Empedoclcs  in  antiquity,  it  was  that  of  Diderot,  of  Cabanis,  and,  in 
general,  that  of  the  modern  materialistic  school,  eager  to  find,  even  in 
the  most  degraded  representatives  of  the  inorganic  world,  the  first 
tnices  of  the  vitality-  and  intellectual  life  which  blossoms  out  at  the 
top  of  the  living  world. 

Similar  ideas  are  clearly  apparent  in  the  early  history  of  all  natural 
sciences.  It  was  this  same  principle  of  appetition,  or  of  love  and 
repulsion,  or  hate,  that,  under  the  names  of  affinity,  selection,  and 
incompatibility,  was  thought  to  direct  the  mutations  of  bodies  at  the 
time  of  the  origin  of  chemistry;  when  Boerhaave,  for  example,  com- 
pared chemical  combinations  to  voluntary'  and  conscious  alliances,  in 
which  the  respective  elements,  di'awn  together  by  sympathy,  conti-acted 
appropriate  marriages. 


398  THE    LIB^E    OB'    MAITER. 

Gtmeral  prhwtple  (tf  ihv  hoHKKjenniUj  iff  tlw  contpJi^x  hikI  !ti<  am^tit- 
uentHi — ^The  iissimilation  of  })rute  bodies  to  living  bodie.s,  and  of  the 
inorganic  kingdom  to  the  organic,  was,  in  the  mind  of  these  philoso- 
phers, the  natural  consequeni^e  of  positing  a  priori  the  principles  of 
continuity  and  evolution.  There  is,  however,  a  principle  underlying 
these  princii>les.' 

This  principle  is  not  expressed  in  an  explicit  manner  by  the  philos- 
ophers; it  is  not  formulated  in  precise  terms,  but  is  more  or  less 
unconsciously  implied;  it  is  everywhere  applied.  It,  however,  appears 
clearly  behind  their  apparatus  of  philosophical  reasoning.  It  is  the 
affirmation  that  no  arrangement  or  combination  of  elements  can  put 
forth  anv  new  activitv  essentiallv  different  from  the  activities  of  the 
elements  of  which  it  is  composed.  Man  is  a  living  clay,  s:iy  Diderot 
and  Cabanis,  and,  on  the  other  hand,  he  is  a  thinking  being.  As  it  is 
impossible  to  produce  that  which  thinks  from  that  which  does  not 
think,  the  day  nuist  possess  a  rudiment  of  thought.  But  is  there 
not  anotluM*  alternative?  Ma}'  not  the  new  phenomenon,  thought,  be 
the  effect  of  the  arrangement  of  this  clay  ?  If  we  exclude  this  alterna- 
tive we  nmst  then  consider  that  armngement  and  organization  are 
incapable  of  producing  in  arranged  and  organized  matter  a  new  prop- 
erty" different  from  that  which  it  presented  before  such  arrangement. 

Living  protoplasm,  says  another,  is  merely  an  assemblage  of  brute 
elements;  ''these  brute  elements  nmst,  therefore,  possess  a  rudiment 
of  life."  This  is  the  same  implied  supposition  which  we  have  just  con- 
sidered; if  life  is  not  the  basis  of  each  element  it  can  not  result  from 
their  simple  assemblage. 

Man  and  animals  are  combinations  of  atoms,  says  M.  Le  Dantec.  It 
is  more  natural  to  admit  that  human  consciousness  is  the  result  of  the 
elementarv  consciousnesses  of  the  constituent  atoms  than  to  consider 
it  iis  resulting  from  mere  construction  derived  from  elements  destitute 
of  any  trace  of  consciousness.  "Life,"  says  Haeckel,  ''is  universal; 
we  could  not  conceive  its  existence  in  definite  aggregates  of  matter  if 
it  did  not  belong  to  their  constituent  elements."  This  time  the  postu- 
late is  almost  expressed. 

The  reasoning  is  always  the  same;  there  are  even  the  same  words; 
the  fundamental  hypothesis  is  the  same;  only  it  remains  more  or  less 
unexpressed,  more  or  loss  unperceived.     It  may  be  stated  as  follows: 

Arrangement,  assemblage,  construction,  and  aggregation  are  pow- 
erless to  develoj),  in  a  complex,  anything  new,  essentially  heterogeneous 
to  what  already  exists  in  the  elements.  Reciprocally,  grouping  brings 
out  in  a  complex  a  property  which  is  the  gradual  development  of  an 
analogous  property  in  the  elements.  It  is  in  this  sense  that  there 
exists  a  collective  soul  in  crowds,  of  which  the  manifestations  have 
been  set  forth  by  M.  G.  Le  Bon.  In  the  same  wa\"  many  sociologists, 
adopting  the  idea  advanced  by  P.  de  Lilienfeld  in  1865,  attribute  to 
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nations  a  certain  formal  individuality,  following  the  type  of  that  pos- 
sessed bv  each  of  their  constituent  members.  M.  Izolet  considers 
society  as  an  organism,  which  he  calls  a  ^Miyper55oar3\''  Herbert 
Spencer  has  developed  the  comparison  of  the  collective  organism  with 
the  individual  organism,  insisting  on  its  resembknces  and  differences. 
Th.  Ribot  has  dwelt  especially  on  the  resemblances. 

The  postulate  that  we  have  clearly  stated  here  is  understood  as  an 
axiom  by  many  minds.  But  it  is  not  an  axiom.  In  saying  that  there 
is  nothing  in  the  complex  that  can  not  l)e  found  in  the  parts  they  think 
they  are  expressing  a  self-evident  truth;  they  are,  in  fact,  merely  stat- 
ing an  hypothesis.  That  arningement,  aggregation,  and  complicated 
and  skillful  grouping  of  elements  can  produce  nothing  really  new  in 
the  order  of  phenomena  is  an  assertion  that  needs  to  be  verified  in  each 
particular  case. 

21i<i jprlticiple  <{f  rontinultt/^  a  Cf^)ii«tjit< tuc  of  thv previdhuj,-  Let  us 
apply  this  principle  to  organized  beings.  All  lieings  in  nature  are 
actually  arrangements,  aggregates,  or  groupings  of  the  same  universal 
matter;  that  is  to  say,  of  the  same  simple  chemical  bodies.  It  results 
from  the  preceding  postulate  that  their  activities  can  differ  only  in 
degree  and  form,  and  not  fundamentally.  There  is  no  essential  differ- 
ence of  nature  between  the  activities  of  various  categories  of  Innings, 
no  het(»rogeneity ,  no  discontinuity.  We  may  pass  from  one  to  another, 
encountering  no  hiatus  or  impassable  gulf.  The  law  of  continuity 
thu.s  appears  as  a  simple  consequence  of  the  fundamental  postulate; 
and  so  is  the  law  of  ev^olution,  for  evolution  is  merel}'^  continuit}^  in 
action. 

Such  are  the  origins  of  the  philosophical  doctrine  which  univei'salizes 
life  and  extends  it  to  all  bodies  in  nature. 

It  ma}'  be  remarked  that  this  doctrine  is  not  confined  to  any  partic- 
ular school  or  sect.  Leibnitz  was  not  at  all  a  materialist,  and  endowed 
his  .mundane  elements,  his  monads,  not  only  with  a  sort  of  life,  but 
even  with  a  sort  of  soul.  Father  Boscowich,  though  he  was  a  Jesuit 
and  a  professor  in  the  College  of  Rome,  did  not  deny  to  his  indivisible 
points  a  species  of  inferior  vitality.  St.  Thomas,  too,  the  angelical 
doctor,  according  to  M.  .Gardair,  accordeil  to  inanimate  substances 
a  certain  kind  of  activity,  native  inclinations,  and  a  real  appetition 
toward  certain  acts. 

IL 
ORIGIN  OF  BRUTE  MATFER  IN  LIVING  MATTER. 

There  should  be  two  ways  of  proving  the  doctrine  of  the  essential 
identity  of  brute  matter  and  living  matter — one  slower  and  more 
laborious,  the  other  more  rapid  and  decisive. 

Ideiitification.  of  the  two  vuitters^  brute  and  liiymg. — The  laborious 
method,  that  which  we  shall  be  obliged  to  follow,  consists  in  examin- 
ing attentively  the  various  activities  by  which  life  is  manifested  and 
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atteiiiptinj^  to  find  more  or  less  crude  e<iuivalents  for  them  in  brute 
bodies  or  in  certain  of  them. 

Dechive  verificatiim — SpmitanemiH  generailon, — The  rapid  and  deci- 
sive method,  which  unhappily  is  beyond  our  resources,  would  consist  in 
showing  unquestionable,  clearly  marked  life,  the  superior  life,  arisinjr 
from  the  kind  of  inferior  life  that  is  attributed  to  matter  in  geneml. 
It  would  only  be  necessary  to  completely  construct  in  all  its  parts,  by 
a  suitable  combination  of  inorganic  materials,  a  single  living  I:eing, 
even  the  humblest  plant  or  the  most  rudimentary  animal.  Thi:;  would 
indeed  be  an  irrefutable  proof  that  the  germs  of  all  vital  activity  are 
contained  in  the  molecular  activity  of  brute  bodies  and  that  there  is 
nothing  essential  to  the  latter  that  is  not  found  in  the  former. 

Unhappily  this  demonstration  can  not  be  given.  Science  furnishes 
no  example  of  it,  and  we  are  forced  to  have  recourse  to  the  slow  method. 

The  question  here  involved  is  that  of  spontaneous  generation.  It  is 
well  known  that  the  ancients  believed  ui  spontaneous  generation  even 
for  animals  high  in  the  scale  of  organization.  According  to  Van 
Helmont,  mice  could  be  born  by  some  incomprehensible  fermentation 
in  dirt}'  linen  mixed  with  wheat.  Diodorus  speaks  of  animal  forms 
which  were  seen  to  emerge  partly  developed  from  the  mud  of  the  Nile. 
Aristotle  believed  in  the  spontaneous  birth  of  certain  fishes.  Rejected 
as  to  the  higher  forms  of  animals,  this  belief  was  for  a  long  time  held 
with  regard  to  the  lower  ones,  such  as  bees,  which  the  shepherd  of 
Virgil  saw  coming  out  from  the  flanks  of  the  dead  bullock;  such  as 
flies  engendered  in  putrefying  meat;  such  as  fruit  worms  and  intestinal 
worms;  finally  with  regard  to  infusoria  and  the  most  rudimentary 
vegetables.  The  hypothesis  of  spontaneous  generation  of  the  living 
being  at  the  expense  of  the  materials  of  the  environment  has  been 
successively  driven  from  one  classificatory  gi-oup  to  another.  The 
history  of  the  sciences  of  observation  is  also  a  history  of  the  defeats 
of  this  doctrine.  Pasteur  gave  it  the  finishing  stroke  when  he  showed 
that  the  simplest  micro-organisms  obeyed  the  general  law  which 
declares  that  a  living  being  is  formed  only  by  filiation;  that  is  to  say, 
by  the  intervention  of  a  preexisting  living  organism. 

Sponfcuu'OHii  (jenemtion  wan  an  episode  in  the  history  of  the  ijlohe, — 
Though  we  have  been  unable  to  effect  spontaneous  generation  in  the 
present  time,  it  has  been  put  back,  by  Haeckel,  into  a  more  or  less  dis- 
tant past,  to  the  moment  when  the  cooling  of  the  globe,  the  solidifica- 
tion of  its  crust,  and  the  condensation  of  at^ueous  vapor  upon  its  sur- 
face created  conditions  compatible  with  the  existence  of  living  beings 
similar  to  those  with  which  we  are  acquainted.  Lord  Kelvin  has  fixed 
these  geologic  events  as  occurring  from  twenty  to  forty  millions  of  years 
ago.  Then  circumstances  became  propitious  for  the  appearance  of  the 
first  organisms  whence  were  successively  derived  those  which  now 
people  the  earth  and  the  waters. 
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Circumstances  favorable  to  the  appearance  of  the  first  beings  appar- 
ently occurred  only  in  a  far  distant  past,  but  the  greater  number  of 
physiologists  admit  that  if  we  knew  exactly  these  circumstances  and 
could  reproduce  them,  we  might  also  expect  to  produce  their  effect, 
which  would  be  the  creation  of  a  living  being,  formed  in  all  its  parts, 
developed  from  the  inorganic  kingdom.  For  all  those  who  think  thus 
the  impotence  of  experimentation  at  the  present  time  is  purely  pro- 
visory. It  is  comparable  to  that  of  primitive  men,  before  the  time 
of  Prometheus,  who  not  knowing  how  to  produce  fire,  could  only  get 
it  by  transmitting  it  from  one  to  another.  It  depends  upon  the  insuf- 
ticienry  of  our  knowledge  and  the  weakness  of  our  means;  it  does  not 
establish  the  inherent  impossibility  of  accomplishing  the  matter  in 
question. 

Contrary  oplniim — Life  did  not  originate  on  our  globe. — But  all  biolo- 
gists do  not  share  this  view.  Some,  and  not  the  least  among  them,  hold 
it  to  be  an  established  fact  that  it  is  impossible  for  life  to  arise  from  a 
concurrence  of  inorganic  materials  and  forces.  This  was  the  opinion 
of  the  eminent  botanist,  Ferdinand  Cohn;  of  the  Saxon  physician,  H. 
Richter,  and  of  W.  Preyer,  a  physiologist  well  known  from  his  noted 
researches  in  biological  chemistry.  According  to  these  scientists  life 
on  the  surface  of  the  globe  can  not  have  been  occasioned  by  reactions 
of  brute  matter  and  the  forces  that  continue  to  dominate  it. 

According  to  F.  Cohn  and  H.  Richter  life  has  had  no  beginning 
on  our  planet.  It  was  transported  to  the  earth  from  another  world, 
or  from  the  cosmic  environment,  under  the  form  of  cosmic  germs,  or 
cosmozoans^  more  or  less  compaittble  to  the  living  cells  with  which  we 
are  acquainted.  They  may  have  made  the  journey  either  included  in 
meteorites  or  floating  in  space  in  the  form  of  cosmic  dust.  The  doctrine 
in  question  has  been  presented  under  two  forms,  the  hypothesis  of 
meteoric  cosmozoans,  due  to  a  French  writer,  the  Count  de  Salles- 
Guyon,  and  that  of  cosmic  panspermia,  advanced  in  1865  and  1872  by 
F.  Cohn  and  H.  Richter. 

Hypothesis  of  the  cosmozoans. — The  hypothesis  of  the  cosmozoans, 
living  particles,  protoplasmic  germs  emanating  from  other  worlds  and 
reaching  the  earth  by  means  of  stones  falling  from  the  sky,  is  due  to  a 
French  writer,  Count  de  Salles-Guyon.  It  is  not  so  destitute  of  proba- 
bility as  one  might  at  first  suppose.  Lord  Kelvin  and  Helmholtz  gave 
it  the  support  of  their  high  authority.  Spectinim  analysis  shows  in 
cometary  nebulae  the  four  or  five  lines  characteristic  of  h^^drocarbons. 
Cosmic  matter  must  then  contain  compounds  of  carbon,  of  the  sub- 
stances that  are  especially  typical  of  organic  chemistry.  Besides,  car- 
bon and  a  sort  of  humus  have  been  found  in  several  meteorites.  As 
to  the  objection  that  these  aerolites  are  heated  while  passing  through 
our  atmosphere,  Helmholtz  responds  that  this  elevation  of  temperature 
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may  be  quite  superficial  and  allow  micro-organisms  to  subsist  in  their 
interior.  But  other  objections  retain  their  force:  First,  that  of  M. 
Verworn,  who  considers  the  hypothesis  of  cosmic  ^erms  as  inconsistent 
with  the  laws  of  evolution;  then,  that  of  L.  Errera,  who  denies  that 
the  conditions  necessary  for  life  can  exist  in  interplanetary  bodies. 

Hypothesis  of  cosmic  panspermia, — Du  Bois-Reymond  has  given  the 
name  of  cosmic pan^pennia  to  a  doctrine  very  similar  to  the  preced- 
ing, fonnulated  by  11.  Richter  in  1865,  and  })y  F.  Cohn  in  1872. 
According  to  this,  the  first  living  germs  arrived  on  our  globe  mingled 
with  the  cosmic  dust  that  floats  in  space  and  falls  slowly  to  the  sur- 
face of  the  earth.  If  they  escape  b}'^  this  gentle  fall  the  dangerous 
heating  of  meteorites,  L.  Errem  observes  that  they  must  remain  ex- 
posed to  the  action  of  the  luminous  rays,  which  is  generally  destruc- 
tive of  germs. 

ILjpothrsis  of  pyvozoaiis, — W.  Preyer  was  not  willing  to  accept  this 
cosmic  transmigration  of  even  the  most  simple  living  beings,  nor  to 
bring  other  worlds  into  the  history  of  our  own.  Life,  according  to 
him,  must  have  subsisted  for  all  time,  even  when  the  globe  was  an 
incandescent  mass.  But  it  was  not  the  same  life  as  at  present. 
Vitality  must  have  undergone  many  profound  changes  in  the  course 
of  ages.  The  pyrozoans,  the  first  living  l>eings,  vulcanians,  were 
quite  difl!erent  from  the  beings  of  the  present  day  that  are  disorgan- 
ized by  a  slight  elevation  of  temperature. 

This  theory  of  pyrozoans  proposed  by  W.  Preyer  in  1872  certainly 
seems  quite  chimerical,  and  similar  to  the  imaginings  of  Kepler,  yet 
in  a  certain  way  it  a(»cords  with  contemporary  ideas  conceniing  the 
life  of  matter.  It  is  related  to  them  by  the  evolution  which  it  implies 
in  the  materials  of  the  terrestrial  globe. 

According  to  Preyer,  primitive  life  existed  in  the  fire.  Being 
igneous  masses  in  fusion  the  pyrozoans  lived  after  their  own  manner; 
their  vitality,  slowly  modified,  finally  took  on  the  form  which  it  pre- 
sents to-day.  Yet,  in  this  jn-ofound  transformation  their  number  has 
not  varied,  and  the  total  quantity  of  life  in  the  universe  has  remained 
the  same. 

We  recognize  here  the  ideas  of  Buffon.  These  cosmozoans,  these 
pyrozoans,  have  a  singular  resemblance  to  the  organic  molecules  of 
"live  matter"  of  the  illustrious  naturalist — evervwhere  distriouted, 
indestructible*,  and  forming,  by  their  concentmtion,  living  structures. 

But  it  is  time  to  al)andon  scientific  theories  and  to  come  to  arguments 
based  upon  facts. 

It  is  with  a  spirit  (|uite  different  from  that  of  the  poets,  the  meta- 
physicians, and  the  more  or  loss  philosophical  scientists  that  the  sci- 
ence of  our  davs  looks  at  the  obscure  vitalitv  of  inanimate  bodies. 
It  thinks  that  there  is  to  be  recognized  there,  in  a  more  or  less  rudi- 
mentar}'  state,  the  action  of  the  same  factors  which  operate  in  living 
beings,  the  manifestation  of  the  same  fundamental  properties. 
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III. 

ORGANIZATION  AND  CHEMICAL  COMPOSITION  OF  LIVING  AND 

BRUTE  MATTER. 

Enumeratimi  of  the  principal  characters  oflwing  helngs, — The  pro- 
gi'amme  which  we  have  just  sjketched  obliges  us  to  seek  in  the  brute 
being  for  the  properties  of  living  beings.  What,  then,  are,  in  fact, 
the  chaiucteristics  of  an  authentic,  complete,  living  being?  What  are 
its  fundamental  properties'^  We  have  enumerated  them  above  as  fol- 
lows: A  certain  chemical  composition,  which  is  that  of  living  matter; 
a  structure  or  oi'ganization;  a  specific  form;  an  evolution  which  has  a 
duration  and  an  end,  death;  a  property  of  growth  or  nutrition;  a 
property  of  reproduction.  W^hich  of  these  characters  counts  for  the 
most  in  the  definition  of  life?  If  some  of  them  were  wanting,  would 
that  suflice  to  put  l)ack  a  being,  who  might  possess  the  others,  from  the 
animate  world  to  that  of  minerals?  That  is  precisely  the  question 
that  is  under  considemtion. 

Organization  and  chemical  co)apoHition  of  limng  beings. — On  the 
whole,  all  that  we  know  concerning  the  constitution  of  living  matter 
and  its  organization  is  contained  in  the  laws  of  the  chemical  unity  and 
morphologic  unity  of  living  beings. '  These  laws  seem  to  be  a  legiti- 
mate generalization  from  all  the  facts  observed.  The  first  declares 
that  the  phenomena  of  life  are  manifested  only  in  and  through  living 
matter,  protoplasm;  that  is  to  say,  in  and  through  a  substance  which 
has  a  certain  chemical  and  physical  composition.  Chemically  it  is  a 
proteid  complexus  with  a  hexonic  nucleus.  Physically  it  shows  a 
frothy  structure  analogous  to  that  resulting  from  the  mixture  of  two 
granular,  immiscible  liquids  differing  in  viscosity.  The  second  law 
declares  that  the  phenomena  of  life  can  only  be  maintained  in  a  proto- 
plasm which  has  the  organization  belonging  to  a  complete  cell,  with 
its  cell  body  and  nucleus. 

Relative  value  ofthe^e  Imos — Exceptions. — What  is  the  signification 
of  these  laws  of  the  chemical  composition  and  organization  of  living 
beings?  Evidently  that  life  in  all  its  plenitude  can  only  occur  and  be 
perpetuated  under  their  protection.  If  these  laws  were  absolute,  if  it 
were  true  that  no  life  were  possible  except  in  and  through  albuminous 
protoplasm,  except  in  and  through  the  cell,  the  problem  of  "the  life 
of  matter"  would  be  decided  in  the  negative. 

May  it  not  be,  however,  that  fragmentary  and  incomplete  vital 
manifestations,  progressive  sketches  of  a  true  life,  may  occur  under 
different  conditions;  for  example,  in  matter  which  is  not  protoplasm, 
and  in  a  body  which  has  a  structure  differing  from  that  of  a  cell — that 
is  to  say,  in  a  being  which  would  be  neither  animal  nor  plant?  This  is 
the  very  question  we  have  to  consider,  and  we  must  seek  its  solution 
by  the  way  of  experimentation. 
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Without  leaving  the  animal  and  vegetable  kingdoms — that  is  to  say, 
among  veritable  living  beings — we  already  perceive  attenuation  in  the 
rigor  of  the  laws  governing  chemical  constitution  and  cellular 
organization. 

The  experiments  of  merotomy,  that  is  to  say  of  amputation,  tried  by 
WaUer  on  nerves,  on  infusoria  by  Brandt,  Gruber,  Nussbaum,  Bal- 
biani,  and  Verworn,  teach  us  the  necessity  of  the  presence  of  the  cellu- 
lar body  and  the  nucleus — that  is  to  say,  of  the  integrity  of  the  cell. 
But  they  also  teach  us  that  when  that  integrity  no  longer  exists  death 
does  not  immediately  ensue.  A  part  of  the  vital  functions  continues 
to  be  performed  in  denucleated  protoplasm,  in  a  cell  which  is  mutilated 
and  incomplete. 

Vttal phenmuiifrui  In  cr itched 2)7'otaphwtn . — It  is  true  also  that  grind- 
ing and  crushing  suppress  the  greater  part  of  the  functions  of  the 
cell.  But  tests  with  pulps  of  various  organs  and  with  those  of  certain 
yeast  plants  show  that  protoplasm,  even  though  ground  and  dis- 
organized, can  not  be  considered  as  inert,  and  that  it  still  exhibits  many 
of  its  characteristic  phenomena;  for  example,  the  production  of  dias- 
tases, specific  agents  of  vital  chemistry.  Finally,  while  we  do  not 
know  enough  about  the  actions  of  which  the  secondary  elements  of 
protoplasm  are  capable — its  granulations,  its  filaments,  which  one  or 
another  method  of  destruction  might  disclose — to  be  able  to  deny  that 
protoplasm  has  power  of  action  independent  of  its  own  integrity,  we 
at  least  know  that  actions  of  this  kind  exist. 

To  summarize,  we  are  far  from  being  able  to  deny  that  rudimentary, 
isolated,  vital  acts  may  not  be  executed  by  the  various  bodies  that 
result  from  the  dismemberment  of  protoplasm.  The  integrity  of  the 
cellular  organization,  even  the  integrity  of  protoplasm  itself,  is  not 
indispensable  for  these  manifestations  of  vitality. 

Besides,  naturalists  admit  that  within  the  protoplasm  are  aliquot 
parts,  elements  of  an  inferior  order,  which  possess  special  activities. 
These  secondar}^  elements  must  have  the  principle  of  their  activity' 
within  themselves.  Such  are  the  biophores  to  which  Weissmaim 
attributes  the  vital  functions  of  the  cell,  nutrition,  growth,  and  multi- 
plication. If  there  are  biophores  within  the  cell  they  may  be  imagined 
as  outside  of  it,  and  since  they  carry  within  themselves  the  principle 
of  their  activity,  the\'  may  exercise  it  in  an  independent  manner. 
Unhappily  the  biophores,  and  other  elements  of  that  kind,  are  purel}'^ 
hypothetical.  They  are  like  the  gemmules  of  Darwin,  the  bioblasts 
of  Altmann,  and  the  pangenes  of  De  Vries.  They  have  no  relation  to 
facts  of  observation  and  to  real  existence. 

Vital  phenomena  in  hnde  bodies, — There  is  no  doubt  but  certain 
phenomena  of  vitality  may  occur  outside  of  the  cell  and  its  neighbor- 
h.>od.  To  carry  this  farther  we  may  admit  that  they  may  be  produced 
in  certain  unorganized  bodies,  in  certain  brute  bodies.  In  every  case 
there  are  surely  produced  effects  similar  at  least  to  those  which  are 
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characterLstic  of  livinj^  matter.  It  is  for  observation  and  experiment 
to  decide  as  to  the  degree  of  .similarit}^  and  they  have,  in  fact,  decided 
that  the  similarity  is  complete.  The  crystals  and  crystalline  germs 
studied  by  Ostwald  and  Tammann  are  the  seat  of  phenomena  quite 
compai-able  to  those  of  vitalit} . 

IV. 

EVOLUTION  AND   MUTABILITY  OF  LIVING   MATTER  AND  BRUTE 

MATTER. 

One  of  the  most  remarkable  characteristics  of  a  living  being  is  its 
evolution.  It  undergoes  a  continuous  change.  It  starts  with  a  feeble 
beginning;  it  is  formed,  grows,  then  in  ordinary  cases  declines  and 
disappears,  having  followed  a  predictable  course,  regulated  as  to  time, 
a  sort  of  ideal  trajectory. 

Supposed  hmiiobility  of  hrute  hodi^H. — It  may  be  asked  whether  this 
evolution,  this  directed  mobility,  is  so  exclusively  a  feature  of  the 
living  being  as  it  appears,  and  if  many  brute  bodies  do  not  present 
something  analogous  to  it.     The  response  is  not  at  all  doubtful. 

Bichat  was  mistaken  when  he  contrasted  in  this  respect  brute  bodies 
with  living  bodies.  Vital  properties,  he  said,  are  temporary;  it  is 
their  nature  to  exhaust  themselves;  in  time  they  are  used  up  in  the 
same  l>ody.  Physical  properties,  on  the  contrary,  are  eternal.  Brute 
bodies  have  neither  commencement  nor  necessary  end,  neither  age  nor 
evolution;  the}"  remain  as  immutable  as  death  of  which  they  are  the 
image. 

Mohility  and  mutability  of  tlie  sidereal  v^orld. — This  is  not  true,  in 
the  first  place,  of  the  sidereal  bodies.  The  ancients  believed  that  the 
sidereal  world  was  immutable  and  incorruptible.  The  doctrine  of  the 
incorruptibility  of  the  heavens  prevailed  up  to  the  seventeenth  cent- 
ury. The  observers  who  at  that  epoch  directed  toward  the  heavens 
the  first  telescope,  which  Galileo  had  just  invented,  were  struck  with 
astonishment  at  discovering  change  in  the  celestial  firmament  that 
they  had  believed  incorruptible  and  by  perceiving  a  new  star  that 
appeared  in  the  constellation  of  Serpentarius.  Such  changes  no  longer 
surprise  us.  The  cosmogonic  system  of  Laplace  has  become  familiar 
to  all  cultivated  minds  and  everyone  is  accustomed  to  the  idea  of  the 
mobility  and  continual  evolution  of  the  celestial  world.  "The  stars 
have  not  alwa^'s  existed,"  writes  M.  Faye;  "they  have  had  a  period 
of  formation;  they  will  likewise  have  a  period  of  decline,  followed 
by  a  final  extinction." 

All  the  bodies  of  inanimate  nature  are  not,  then,  eternal  and  immu- 
table; the  celestial  bodies  are  eminently  susceptible  of  evolution^  slow 
indeed  compared  with  that  we  observe  on  the  surface  of  our  globe;  but 
that  disproportion,  corresponding  to  the  immensity  of  time  and  of 
cosmic  spaces  as  compared  with  our  terrestrial  measurements,  should 
not  mislead  us  as  to  the  fundamental  analogy  of  the  phenomena. 
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1.     THE   MOVEMENT   OF    PARTICLES   AND   MOLECULES   IN   BRUTE   BODIES. 

It  is  not  only  in  the  celestial  spaces  that  we  must  search  for  that 
mobility  of  brute  matter  that  imitates  that  of  living  matter.  In  order 
to  find  it  we  have  only  to  look  about  us  or  to  interrogate  physicists 
and  chemists. 

As  to  the  geologists,  M.  le  Dantec  speaks  somewhere  of  one  of  them 
who  divided  minei'als  into  living  rocks,  those  susceptible  of  changing 
their  structure,  of  undergoing  an  evolution  under  the  influence  of 
atmospheric  causes;  and  dead  rocks,  those  which,  like  clay,  have  found 
at  the  end  of  all  their  changes  a  final  state  of  repose.  Jerome  Cardan, 
a  celebrated  scientist  of  the  sixteenth  century,  at  once  mathematician, 
naturalist,  and  physician,  declared  not  only  that  stones  live,  but  that 
they  suffer  from  disease,  old  age,  and  death.  The  jewelers  of  to-da}' 
speak  in  this  way  concerning  certain  precious  stones,  turquoises,  for 
example. 

The  alchemists  carried  these  ideas  to  an  extreme.  It  is  not  neces- 
sary here  to  recall  the  past,  to  evoke  hermetic  beliefs  or  the  dreams 
of  the  alchemists,  according  to  whom  the  different  kinds  of  matter 
lived,  developed,  and  were  transmuted  into  each  other. 

We  refer  to  precise  and  recent  data,  established  by  the  most  expert 
investigators,  and  related  l)y  one  of  them,  Ch.  Ed.  Guillaume,  three 
years  ago,  before  the  Helvetic  Society  of  Natural  Sciences.  These 
data  show  that  the  determinate  forms  of  matter  mav  live  and  die,  in 
the  sen^e  that  thev  mav  become  modified  in  a  slow  and  continuous 
manner,  alwaj'S  in  the  same  direction,  until  the}'  have  attained  an 
ultimate  and  definite  state  which  is  that  of  eternal  repose. 

TJke  hiteHtinal  inoveiuenti^  of  hodl^, — The  reply  of  Swift  to  an  idle 
fellow  who  spoke  slightingly  of  work  is  well  known;  ''In  England," 
said  the  author  of  Gulliver,  ''men  work,  women  work,  horses  work, 
oxen  work,  fire  works,  and  beer  works;  there  is  only  the  pig  who 
does  nothing  at  all;  he  must  be,  therefore,  the  only  gentleman  in  Eng- 
land." We  know  very  well  that  Engli.<h  gentlemen  also  work. 
Indeed,  everybody  and  everything  works.  And  the  celebrated  humor- 
ist was  nearer  right  than  he  supposed  in  comparing  in  this  respect  men 
and  things.  Everything  is  at  work;  everything  in  nature  toils  and 
strives,  at  every  stage,  in  every  degree.  Immobility,  repose,  are 
usually,  in  natural  things,  merel}'  a  false  appearance;  the  seeming 
quietude  of  matter  is  caused  by  our  inability  to  appreciate  its  interior 
agitation.  Because  of  their  minuteness  we  do  not  perceive  the  swarm- 
ing particles  that  compose  it,  and  which,  under  the  impassable  surface 
of  l)odies,  oscillate,  displace  each  other,  move  to  and  fro,  and  group 
themselves  into  forms  and  positions  adapted  to  the  conditions  of  the 
envirorunent.  In  comparison  with  thes(»  microscopic  elements  we  are 
like  the  giant  of  Swift  in  the  midst  of  the  people  of  Lilliput;  and  this 
is  far  below  the  actual  facts. 
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Kinetic  cfynceptimi  of  molecular  mm'^ehienU, — The  idea  of  this  peculiar 
agitation  is  by  no  means  new  to  us.  We  were  familiarized  with  it 
in  scientific  theories  during  our  college  days.  The  atomic  theory 
teaches  us  that  matter  behaves,  from  a  chemical  point  of  view,  as  if  it 
were  divided  into  molecules  and  atoms.  The  kinetic  theory  explains 
the  constitution  of  gases  and  the  effects  of  heat  by  supposing  that 
these  particles  are  endowed  with  movements  of  rotation  and  displace- 
ment. The  wave  theory  explains  luminous  phenomena  b}^  supposing 
peculiar  vibratory  movements  in  a  special  medium,  the  ether.  But 
these  are  merely  hypotheses  which  are  not  at  all  necessary;  they  are 
the  images  of  things,  not  the  things  themselves. 

Reality  of  the  movements  of  partlcleH, — Here  there  is  no  ([uestion  of 
hypotheses.  This  intestinal  agitation,  this  interior  work,  this  inces- 
sant activity  of  matter  are  positive  fact«,  an  objective  reality.  It  is 
true  that  when  the  chemical  or  mechanical  equilibrium  of  bodies  is 
disturbed  it  is  restored  more  or  less  slowly.  Sometimes  days  and 
3^ears  are  required  before  it  is  regained.  Scarcely  do  they  attain  this 
relative  repose  when  they  are  again  disturbed,  for  the  environment 
itself  is  not  fixed;  it  suffers  variations  which  react  in  their  turn  upon 
the  body  under  consideration;  and  it  is  only  at  the  end  of  these  varia- 
tions, at  the  end  of  their  respective  periods,  that  they  together  attain, 
in  a  universal  uniformit} ,  an  eternal  repose. 

We  shall  see  that  metallic  alloj-s  undergo  continual  physical  and 
chemical  changes.  They  are  always  seeking  an  equilibrium  which  more 
or  less  escapes  them.  Physicists  in  modern  times  have  given  their  atten- 
tion to  this  intestinal  activity  of  material  bodies  in  pursuit  of  stability. 
Wiedemann,  Warburg,  Toralinson,  MM.  Duguet,  Brillouin,  Duhem, 
and  Bouasse  have  revived  the  old  experimental  studies  of  Coulomb  and 
Wertheim  upon  the  elasticity  of  bodies,  the  effects  of  pressure,  traction, 
hammering  of  metals,  tempering,  and  annealing. 

The  intestinal  activity  manifested  under  these  circumstances  presents 
quite  remarkable  characteristics  w^hich  have  been  almost  necessarily 
compared  to  the  analogous  phenomena  presented  by  living  bodies. 
There  has  been  created,  even  in  ph^'^sics,  a  figurative  terminology,  and 
metaphorical  expressions  have  been  borrowed  from  biology. 

CoTTipariso'n  of  the  activity  of  particles  with  vital  activity, — It  was 
Lord  Kelvin  who  first  spoke  of  the  fatigue  of  metals,  or  the  fatigue  of 
elasticity,  and,  since  then,  Bose  showed  for  these  same  bodies  the 
fatigue  of  the  electric  touch  [tact  dlectrique].  The  term  accommodation 
has  been  employed  in  the  study  of  torsion,  and  according  to  Tomlinson, 
for  precisely  those  phenomena  which  are  the  inverse  of  those  of  fatigue. 
The  phenomena  presented  by  glass  when  it  is  subjected  to  an  exterior 
force  which  slowly  bends  it,  have  been  considered  as  those  of  adapta- 
tion. The  methods  by  which  a  bar  of  steel  resists  wire-drawing  have 
been  regarded  as  means  of  defense  against  threatened  rupture.     And 
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M.  Charles  Edward  Guillaume  speaks  somewhere  of  "  the  heroic  resist- 
ance of  the  bar  of  nickel-steel."  The  term  '^ defense'"  has  l)een  also 
applied  to  the  behavior  of  chloride  or  iodide  of  silver  when  exposed  to 
light. 

There  has  been  no  hesitation  in  using  the  term  '^memory"  concur- 
rently with  that  of  hysteresis  to  designate  the  behavior  of  bodies  sub 
mitted  to  the  action  of  magnetism  or  of  certain  mechanical  forces.  It 
is  true  that  M.  H.  Bouasse  protests  in  the  name  of  the  physico-math- 
ematicians  against  the  employment  of  these  figurative  expressions. 
But  has  he  not  himself  written  "a  twisted  wire  is  a  watch  wound  up," 
and  elsewhere  "  the  properties  of  bodies  depend  at  every  moment  upon 
all  anterior  modifications?"  Is  this  not  to  say  that  they  retain  in  some 
manner  the  impression  of  the  changes  the}^  have  experienced?  Power- 
ful deformative  agencies  leave  a  trace  of  their  action,  they  modify  the 
state  of  molecular  aggregation  of  the  body,  and  some  physicists  go  so 
far  as  to  say  that  they  even  modify  its  chemical  constitution.  With 
the  exception  of  M.  Duhem,  the  mechanicians  who  have  studied  elas- 
ticit}^  admit  that  the  effect  of  an  exterior  force  upon  a  body  depends 
upon  the  forces  to  which  it  has  been  previously  subjected,  and  not 
merely  upon  those  which  are  acting  upon  it  at  the  time.  Its  present 
state  can  not  be  predetermined,  it  is  the  recapitulation  of  preceding 
states.  The  effect  of  a  torsional  force  upon  a  new  wire  will  be  differ- 
ent from  that  of  the  same  force  upon  a  wire  previously  subjected  to 
torsions  and  detorsions.  It  was  with  reference  to  actions  of  this  kind 
that  Boltzmann  in  1876  declared  that  a  wire  that  has  been  twisted  or 
drawn  out  remembers  for  a  certain  time  the  defonnations  to  which  it 
has  been  subjected.  This  memory  is  defaced  and  lost  after  a  certain 
definite  period.  Here  then,  in  a  problem  of  static  equilibrium,  there 
is  introduced  an  unexpected  factor — time. 

To  summarize,  it  is  the  physicists  themselves  who  have  indicated 
the  corresjx)ndence  between  the  state  of  existence  in  many  brute 
bodies  and  that  in  man}-  living  bodies.  It  c*an  not  be  exf)ected  that 
these  analogies  will  in  any  way  serve  as  explanations.  We  should 
rather  seek  the  derivation  of  the  vital  phenomenon  from  the  physical 
phenomenon.  This  is  the  sole  ambition  of  the  physiologist,  and  the 
inverse  of  this  would  be  unreasonable.  We  do  not  assume  to  do  this 
here.  It  is  nevertheless  true  that  analogies  ai'e  of  service,  were  it 
onlv  to  shake  the  confidence  which,  smce  the  time  of  AristotJe,  has 
been  accorded  to  the  division  of  the  Inxlies  of  nature  into  jy^uc/u'a  and 
apsuchia^  that  is  to  say,  into  living  and  brute  bodies. 

±    THE    BKDWMAV    MtWF.MENT. 

The  ixUltucr  nf  iht  Bntwhlttt*  Tl  means 

of  judging  of  the  working  acti  i  in  the 

case  where  the  liberty  of  the  j  v  the 
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action  of  the  neighboring  particles.  We  approach  that  condition 
when  we  oliserve  through  the  microscope  grains  of  dust  suspended  in 
a  liquid  or  globules^  of  oil  suspended  in  water.  Now  the  result  of 
this  ease  is  well  known  to  all  microscopists.  If  the  granulations  are 
sufficiently  small,  they  are  seen  to  be  never  at  rest.  They  are 
animated  by  a  sort  of  incessant  tremor;  we  see  the  phenomenon 
called  the  "Brownian  movement."  The  spectacle  of  this  agitation 
has  struck  all  observers  since  the  invention  of  the  loupe  or  simple 
microscope.  But  the  Englishman,  Brown,  in  1827,  made  it  the  object 
of  a  special  study  and  left  it  his  name.  The  exact  explanation  of  it 
remained  for  a  long  time  obscure.  It  was  given  in  1894  by  the  learned 
physicist  of  the  faculty  of  Lyons,  M.  Gouy. 

The  observer  who  for  the  first  time  looks  through  the  microscope 
at  a  drop  of  water  from  the  river,  from  the  sea,  or  from  any  ordinary 
source — that  is  to  say,  water  not  specially  purified — is  struck  with  sur- 
prise and  admiration  at  the  spectacle  of  the  motion  that  appears  in  it. 
Infusoria,  microscopic  articulata,  various  micro-organisms,  people  the 
microscopic  field  and  animate  it  with  their  movements;  but  at  the 
same  time  all  sorts  of  particles  are  also  agitated,  particles  which  can 
not  be  considered  as  living  beings  and  which  are,  in  fact,  nothing  but 
organic  detritus,  mineral  dust  and  debris  of  every  description.  Quite 
often  the  singular  movements  of  these  granulations,  which  simulate  up 
to  a  certain  point  those  of  living  beings,  have  perplexed  the  observer 
or  drawn  him  into  error,  and  the  bodies  that  manifest  them  have  been 
taken  for  animalcules  or  for  bacteria. 

CharacterH  of  this  movement, — But  it  is  ordinarily  quite  easy  to 
avoid  this  confusion.  The  Brownian  movement  is  a  sort  of  oscillation, 
a  treadmill  of  to  and  fro  movement  not  accompanied  by  translation. 
It  is  a  Saint  Guy's  dance  executed  in  one  spot,  thus  distinguished  from 
the  movements  of  displacement  habitual  to  animate  beings.  Each 
particle  executes  its  own  special  dance.  Each  one  acts  on  its  own 
account  independently  of  its  neighbor.  There  is,  however,  in  the 
execution  of  these  individual  oscillations  a  sort  of  common  and  regular 
character  which  arises  from  the  fact  that  their  amplitudes  differ  little 
from  each  other.  The  largest  particles  are  the  slowest;  above  four 
one- thousandths  of  a  millimeter  in  diameter  they  almost  cease  to  be 
mobile.  The  smallest  are  most  active.  When  so  small  as  to  be  barely 
visible  through  the  microscope  the  movement  is  extremely  rapid  and 
can  only  occasionally  be  perceived.  It  is  probable  that  it  would  be 
still  more  accelerated  for  smaller  objects,  but  the  latter  are  destined 
to  eternally  escape  our  observation. 

Its  independence  of  the  natxire  of  the  bodies  and  of  the  envlranment, — 
M.  Gouy  has  remarked  that  the  movement  depends  neither  on  the 
nature  nor  on  the  form  of  the  particles.  Even  the  nature  of  the 
liquid  has  but  little  influence.     Its  degree  of  viscosity  alone  is  of  effect. 
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The  movements  are,  indeed,  more  lively  in  alcohol  or  ether,  which  are 
very  mobile  liquids.  They  are  slow  in  sulphuric  acid  and  glycerin. 
In  water,  a  gmin  one  two-thousandth  of  a  millimeter  in  diameter  tiuv- 
erses,  in  a  second,  ten  or  twelve  times  its  own  length. 

The  fact  that  the  Brownian  movement  is  seen  in  liquors  which  have 
been  boiled,  in  acids  and  in  concentrated  alkalis,  in  toxic  solutions  of 
all  degrees  of  temperature,  shows  conclusively  that  the  phenomenon 
has  no  vital  significance;  that  it  is  in  no  way  connected  with  vital 
activity  so  called. 

Its  indefinite  duration, — The  most  remarkable  character  of  this 
phenomenon  is  its  permanence,  its  indefinite  duration.  The  move- 
ment never  ceases,  the  particle  never  arrives  at  repose  and  equilib- 
rium. Granitic  rocks  contain  quartz  crystals  which  at  the  moment  of 
their  formation  included  within  a  closed  cavity  a  drop  of  water  which 
contained  a  bubble  of  gas.  These  bubbles,  contemporary  with  the 
Plutonian  age  of  the  globe,  have  never  from  that  time  ceased  to  mani- 
fest the  Brownian  movement. 

Its  indepeihdeiice  of  external  amditions, — What  is  the  cause  of  this 
eternal  oscillation?  Is  it  a  tremor  of  the  earth?  No.  M.  Gouv  siw 
the  Brownian  movement  exist  far  from  cities,  where  the  mercurial 
mirror  of  a  seismograph  showed  no  subterranean  vibi'ation.  It  did 
not  increase  when  these  vibrations  appeared  and  became  quite  appre- 
ciable. Neither  is  it  changed  by  variation  in  light,  magnetism,  or 
electric  influences;  in  a  word,  by  external  occurrences.  The  result  of 
observation  is  to  place  before  us  the  paradox  of  a  phenomenon  which 
is  kept  up  and  indefinitely  perpetuated  in  the  interior  of  a  body  with- 
out known  exterior  cause. 

The  Bimrntan.  movement  7nust  be  the  Jirat  stage  of  ^itohcidar  move- 
ment.— When  we  take  in  our  hands  a  sheet  of  quartz  which  contains 
a  gaseous  inclusion  we  seem  to  be  holding  a  perfectly  inert  object. 
When  we  have  placed  it  upon  the  stage  of  the  microscope  and  have 
demonstrated  the  agitation  of  the  bubble  we  are  convinced  that  this 
seeming  inertia  is  merely  an  illusion. 

The  repose  exists  only  in  the  limitations  of  our  vision.  We  see  the 
objects  as  we  see  from  afar  a  crowd  of  people;  we  perceive  them  as 
a  whole,  without  l^eing  able  to  discern  the  individuals  or  their  move- 
ments. A  visible  object  is,  in  the  same  wa}",  a  mass  of  jxirticles.  It 
is  a  molecular  crowd.  It  gives  us  the  im])ression  of  an  indivisible 
mass,  of  a  block  in  re]K>se;  but  as  soon  as  a  lens  brings  us  near  to  this 
crowd,  as  soon  as  the  micras<'oix?  enlarges  for  us  the  minute  elements 
of  the  brute  boily,  then  it  appears  to  us,  and  we  i)erceive  the  continual 
agitation  of  those  who  are  at  least  four  one-thousandths  of  a  millimeter 
in  diameter.  The  smaller  the  particles  under  c<»nsideration*  the  more 
lively  are  their  movements.  From  this  we  infor  that  if  we  could  |x*r- 
ceive  molecules  whose  probable  dimensions  un*  ;il>uut  one  tht»usand 
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times  less,  their  probable  velocity  would  be,  as  required  by  the  kinetic 
theory,  some  hundreds  of  millimeters  per  second.  The  Brownian 
velocity  of  the  smallest  objects  we  can  perceive  is  but  some  thou- 
sandths of  a  millimeter  per  second.  Doubtless,  concludes  M.  Gouy, 
the  particles  that  show  this  movement  are  really  enormous  when  com- 
pared with  true  molecules.  Looked  at  in  this  way,  the  Brownian 
movement  is  but  the  first  degree  and  a  gross  manifestation  of  the 
molecular  vibrations  which  the  kinetic  theory  supposes. 

3.    THE   INTESTINAL   ACTIVITY   OF   BODIES. 

Migratwn  of  material  particles. — In  the  Brownian  movement  we 
take  into  account  only  very  small,  isolated  masses,  small  free  frag- 
ments; that  is  to  say,  material  particles  which  are  not  hampered  by 
their  relations  to  neighboring  particles.  Any  other  but  a  physicist 
might  believe  that  in  true  solids  endowed  with  cohesion  and  tenacity 
in  which  the  molecules  are  bound  one  to  the  other,  in  which  the  form 
and  the  volume  are  fixed,  there  could  be  no  longer  any  movements  or 
changes.  This  is  an  error.  Physics  teaches  us  the  contrary,  and, 
especially  in  these  latter  years,  has  furnished  us  cliaracteristic  exam- 
ples. There  are  veritable  migrations  of  material  particles  throughout 
solid  bodies — migrations  of  considerable  extent.  They  are  accom- 
plished through  the  agency  of  diverse  forces  acting  from  the  exte- 
rior— pressures,  tractions,  torsions — sometimes  under  the  action  of 
light,  sometimes  under  the  action  of  electricity,  sometimes  under  the 
influence  of  forces  of  diffusion.  The  microscopic  observation  of  alloys 
by  MM.  H.  and  A.  Lechatelier,  J.  Hopkinson,  Osmond,  Charpy, 
J.-R.  Benoit;  the  studies  of  their  physical  and  chemical  properties  by 
MM.  Calvert,  Matthiessen,  Riche,  Roberts  Austen,  Lodge,  Laurie, 
and  Ch.-Ed.  (iuillaume;  the  experiments  in  the  electrolysis  of  glass, 
and  the  curious  results  of  Bose  upon  the  electric  touch  [tact-^lectrique] 
of  metals  show  in  a  striking  manner  the  chemical  and  kinetic  evolu- 
tions which  occur  in  the  interior  of  bodies. 

Migration  undtr  the  influence  of  weight, — An  experiment  of  Ober- 
meyer  which  dates  from  1877  furnishes  a  good  example  of  the  migra- 
tions of  solid  bodies  through  a  hardened  viscid  mass  under  the  influence 
of  weight.  Shoemaker^s  wax,  the  black  wax  that  shoemakers  and 
boat  builders  use,  is  a  kind  of  resin  extracted  from  the  pine  aAd  other 
resinous  trees,  melted  in  water,  and  separated  from  a  more  fluid  part 
which  rises  above  it.  It  is  colored  by  the  lampblack  produced  by  the 
combustion  of  straw  and  fragments  of  bark.  At  an  ordinary  temper- 
ature it  is  a  mass  so  hard  that  it  can  not  always  be  indented  easily  by 
the  finger  nail;  but  if  it  is  left  to  itself  in  a  receptacle  it  finall}^  yields, 
spreads  out  as  if  it  were  a  liquid,  and  conforms  to  the  shape  of  the 
vessel.  Suppose  we  place  within  a  cavity  hollowed  out  of  a  piece  of 
wood  a  portion  of  this  wax  and  keep  it  there  b\^  means  of  a  few  peb- 
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blew,  having  previously  placed  at  the  bottom  of  the  cavity  some  frag- 
ments of  a  light  substance,  like  cork.  The  piece  of  wax  is  thus  between 
a  light  body  below  and  a  heav}"  body  above.  If  we  wait  a  few  days 
this  order  is  reversed — the  wax  has  filled  the  cavity  by  conforming  to 
it;  the  cork  has  passed  through  the  wax  and  appears  upon  the  surface, 
while  the  stones  are  at  the  bottom.  We  have  here  the  celebrated 
experiment  of  the  flask  with  the  three  elements,  in  which  are  seen  the 
liquids  mercury,  oil,  and  water  superposed  in  the  order  of  their 
density,  demonstrated  in  this  case  by  means  of  solid  bodies. 

frijliumce  of  dlffiisUm, — Diffusion,  which  disseminates  liquids 
throughout  each  other,  may  also  cause  solids  to  pass  through  other 
solids.  W.  Roberts  Austen  places  a  little  cylinder  of  lead  upon  a  disk 
of  gold  and  keeps  the  whole  at  the  temperature  of  boiling  water.  At 
this  temperature  both  metals  are  perfectly  solid,  since  gold  does  not 
melt  up  to  1,200"^  C.  nor  lead  up  to  330^^.  Still,  after  this  contact  has 
been  prolonged  for  a  month  and  a  half,  analysis  shows  that  the  gold 
has  become  diflused  to  the  top  of  the  cylinder  of  lead. 

Inflmmce  of  elrctrolysin, — Electrolysis  offers  another  means  of  trans- 
portation no  less  remarkable.  By  its  means  we  ma}^  force  metals, 
such  as  sodium  or  lithium,  to  pass  through  glass  walls.  The  experi- 
ment may  be  performed  in  the  method  indicated  by  M.  Charles  Guil- 
laume.  A  glass  bulb  containing  mercury  is  placed  in  a  bath  of  sodium 
amalgam  and  a  current  is  then  made  to  pass  from  within  outward. 
After  some  time  it  can  be  shown  that  the  metal  has  penetrated  the 
wall  of  the  bulb  and  become  dissolved  in  the  interior. 

Injlaence  of  mecluinlcal 2>y"^^^i^^e. — Mechanical  pressure  is  also  capa- 
ble of  causing  one  metal  to  pass  into  another.  We  need  not  recall  the 
well-known  experiment  of  Cailletet,  who,  by  employing  considerable 
pressure,  caused  mercury  to  sweat  through  a  block  of  iron.  In  a 
more  simple  manner  W.  Spring  showed  that  a  disk  of  copper  could  Ik* 
welded  to  a  disk  of  tin  by  pressing  them  strongly  one  against  the 
other.  There  is  formed,  up  to  a  certain  distance  from  the  surfaces  of 
contjict,  a  veritable  alloy;  there  is  a  layer  of  bronze  of  a  certain  thick- 
ness which  unites  the  two  metals,  and  this  could  not  taike  place  did  not 
the  particles  of  both  metals  mutually  intt*rpeneti*ate. 

4.    INTESTINAL   ACTIVITY   OF   ALLOYS. 

Structure  of  alloys. — Metallic  alloys  have  a  remarkable  structure 
which  is  essentially  mobile  and  which  we  have  now  begiui  to  under- 
stand, thanks  to  the  employment  of  the  microscope.  Microscopical 
examination  justifies  to  a  certain  degree  the  supposition  of  Coulomb. 
That  illustrious  physicist  explained  the  physical  proi>erties  of  metals 
by  imagining  that  they  were  formecFof  two  kinds  of  elements — inte- 
gral particles,  to  which  the  metal  owes  its  properties  of  elasticity',  and 
a  cement  which  binds  the  i>articles  and  to  which  it  owes  its  coherence. 
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M.  Brillouin  has  again  taken  up  this  hypothesis  of  duality  of  structure. 
The  metal  is  supposed  to  be  formed  of  very  small,  isolated,  crystalline 
grains  embedded  in  an  almost  continuous  network  of  viscous  matter; 
a  more  or  less  compact  mass  surrounding  more  or  less  distinct  crys- 
tals is  the  conception  which  may  be  formed  of  an  alloy. 

CJiaiiges  of  structure  produced  hy  deforming  a</eiicie.s, — It  has  been 
shown  that  profound  changes  of  crystalline  structure  can  be  produced 
by  various  mechanical  means,  such  as  hammering  and  the  traction  of 
metallic  bars  carried  as  far  as  rupture.  Some  of  these  changes  are 
\ery  slow,  and  it  is  only  after  months  and  years  that  they  are  completed 
and  the  meUil  attains  the  definitive  equilibrium  corresponding  to  the 
conditions  in  which  it  is  placed.  Though  there  may  be  discussions 
concerning  the  nature  of  the  transformations  to  which  it  is  subjected, 
though  some  believe  they  affect  the  chemical  condition  of  the  alloy, 
while  others  limit  its  power  to  physical  effects,  it  is  nevertheless  true — 
and  this  brings  us  back  to  our  subject — that  the  mass  of  these  metals 
is  at  work  and  that  it  only  slowly  attains  the  phase  of  complete  repose. 

The  doic  reestahlwhiiient  of  equilibriwa — Residual  effect. — These 
operations  by  which  the  physical  characters  of  metals  are  changed, 
and  by  which  they  are  adapted  to  a  variety  of  industrial  needs — com- 
pression, hammering,  rolling,  traction,  and  torsion — have  an  immedi- 
ate, very  apparent  effect;  but  they  have  also  a  consecutive  effect, 
slowly  produced,  much  less  marked  and  less  evident.  This  is  the 
residual  effect  or  "Nachwirkung"  of  the  Germans.  It  is  not  with- 
out importance  even  in  practical  applications. 

Heat  also  creates  a  sort  of  forced  equilibrium.  This  becomes  but 
slowly  modified,  so  that  a  body  may  remain  for  a  long  time  in  a  state 
which  is  nevertheless  the  most  stable  for  the  conditions  under  which 
it  is  considered.  The  number  of  these  bodies  out  of  e(iuilibrium  is  as 
great  as  that  of  the  matters  which  have  been  submitted  to  fusion. 
All  the  Plutonian  rocks  are  in  this  condition.  Glass  presents  a  simi- 
lar one.  Thermometers  placed  in  melting  ice  do  not  always  mark  the 
zero  of  centigrade.  This  displacement  of  the  zero  point  falsifies  all 
their  indications  if  care  is  not  taken  to  correct  it.  This  correction 
usually  demands  a  long  observation.  The  theory  of  the  displacement 
of  the  thermometric  zero  is  not  entirely  established,  }>ut  we  may  sup- 
pose with  the  author  of  the  Trait<?  de  Thermom(?trie  that  there  exists 
in  glass,  as  in  alloys,  compounds  which  vary  according  to  the  tem|3era- 
ture.  At  each  tempemture  glass  tends  to  assume  a  determinate  com- 
position and  a  corresponding  state  of  equilibrium,  but  the  previous 
temperature  to  which  it  has  been  subjected  has  evidently  an  influence 
upon  the  rapidity  with  which  it  attains  its  state  of  repose.  The  effect 
of  variation  is  more  marked  as  we  observe  glasses  of  more  complicated 
composition.  We  can  readily  understand  that  those  which  contain 
comparable  quantities  of  the  two  alkalies,  soda  and  potash,  may  be 
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more  subject  to  these  modifications  than  those  having  a  more  simple 
composition  based  on  a  single  alkali. 

Effects  of  annealing, — A  piece  of  brass  wire  that  has  been  drawn  and 
then  heated  is  the  theatre  of  very  remarkable  internal  changes  that 
have  been  onlv  recentlv  recosrnized.  The  violence  done  to  the  metallic 
thread  in  forcing  it  through  the  hole  in  the  die  crushed  the  crystalline 
particles;  the  interior  state  of  the  wire  is  that  of  broken  crystals  sur- 
rounded by  a  granular  mass.  Heating  changes  all  that.  The  crystals 
separate,  repair  themselves,  and  reform;  they  are  then  hard,  geomet- 
rical bodies,  plunged  in  an  amorphous  mass,  relatively  soft  and  plastic; 
their  number  keeps  on  increasing;  equilibrium  is  not  established  until 
the  entire  mass  is  crystallized.  One  ma^^  imagine  how  many  displace- 
ments, enormous  when  compared  with  their  dimensions,  the  molecules 
have  to  undergo  when  transporting  themselves  throughout  the  resisting 
mass  and  arranging  themselves  in  definite  places  in  the  crystalline 
edifices. 

In  the  same  way,  too,  in  the  manufacture  of  steel,  the  particles  of 
coal  at  first  applied  to  the  surface  traverse  the  iron. 

This  faculty  of  molecular  displacement  permits  in  some  cases  the 
metal  to  modify  its  state  at  one  point  or  another.  The  use  made  of 
this  faculty  in  certain  circumstances  is  very  curious,  greatly  resem- 
bling the  adaptation  of  an  animal  to  its  environment,  or  the  methods 
of  defense  which  it  employs  to  resist  agents  that  might  destroy  it. 

Effect  of  traction  and  strict  ion — Exveriment  of  Hartmaivn. — When  a 
cylindrical  rod  of  metal,  held  firmly  at  either  end — a  test  rod,  as  it 
is  called  in  metallurgy — is  subjected  to  a  powerful  traction  it  often 
elongates  I'onsiderably,  part  of  the  elongation  disappearing  as  soon  as 
the  strain  stops,  another  part  remaining.  The  total  elongation  is  thus 
the  sum  of  an  ''elastic  elongation,"  which  is  temporary,  and  a  ''per- 
manent elongation."  If  we  continue  the  traction  there  appears  at 
some  point  of  the  rod  a  narrowing,  a  striction.  It  is  there  that  the 
rod  will  break. 

But  in  place  of  continuing  the  tmction,  Mr.  Hartmann  suspends  it. 
He  stops,  as  if  to  give  the  metal  being  time  to  rally.  During  this 
dela}^  it  would  seem  that  the  molecules  hasten  to  the  menaced  point  to 
reinforce  and  harden  the  weak  part.  In  fact,  the  metal  which  was 
soft  at  other  points  has  here  taken  on  the  aspect  of  tempered  metal. 
It  is  no  longer  extensible. 

When  the  experimenter  recommences  tmction  after  this  rest,  the 
narrowed  bar  having  been  submitted  to  the  action  of  a  roller  and 
returned  to  a  cylindrical  form,  a  second  narrowing  forms  at  another 
point.     If  another  rest  is  given  this  striction  also  will  become  resistant. 

If  we  renew  this  experiment  a  suflBcient  number  of  times  there  will 
result  a  total  transformation  of  the  rod,  which  will  become  hardened 
throughout  its  entire  extent.  It  will  break  rather  than  elongate  if 
the  traction  is  sufficiently  energetic. 
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y^fcl'd  steels — Their  heroic  defense, — Nickel  steels  present  this  phe- 
nomenon in  an  exaggerated  degree.  The  alternation  of  operations 
which  we  have  just  described,  which  bring  the  various  parts  of  an  ordi- 
nar}^  steel  rod  into  a  tempered  state,  is  not  necessary  with  nickel  steel. 
The  effect  is  produced  in  the  course  of  a  single  trial.  As  soon  as 
there  is  any  narrowing  at  any  point  the  alloy  hardens  at  that  precise 
place;  the  striction  is  hardly  marked;  the  movement  is  stopped  at  this 
point  to  attack  another  feeble  point,  stops  there  again  and  attacks  a 
third,  and  so  on;  and  finally  the  paradoxical  fact  appears  that  a  rod  of 
metal  which  was  in  a  soft  state  and  could  be  considerably  elongated 
has  now  become  throughout  its  whole  extent  hard,  fragile,  and  inex- 
tensible  like  tempered  steel.  It  is  in  connection  with  this  fact  that 
M.  Chas.  Edward  Guillaume  spoke  of  heroic  resistance  to  rupture. 
It  would  seem,  in  fact,  as  if  the  bar  of  nickel  iron  had  reenf orced  each 
weak  point  in  proportion  as  it  was  menaced.  It  is  only  at  the  end  of 
these  efforts  that  the  inevitable  catastrophe  occurs. 

Effect  of  teniperatHTe, — When  the  temperature  changes  it  is  seen 
that  these  nickel  irons  elongate  or  retract,  modifying  at  the  same  time 
their  chemical  constitution.  But  these  effects,  like  those  which  occur 
in  the  glass  revservoir  of  a  thermometer,  are  not  acquired  all  at  once. 
They  are  produced  rapidly  for  one  part  and  more  slowly  for  a  small 
remainder.  Bars  of  nickel  iron  which  have  been  kept  at  the  same 
temperature  change  graduall}'  in  length  during  the  course  of  an  entire 
year.  Can  we  find  a  better  proof  of  intestinal  activity  occurring  in 
a  substance  greatly  differing  from  living  matter? 

Nature  of  the  acttnty  of  particles. — These  are  examples  of  the  intes- 
tinal activity  that  occurs  in  biiite  bodies.  Besides,  these  facts  that  we 
are  citing  merely  to  refute  the  assertion  of  Bichat  relative  to  the 
immutability  of  brute  bodies  and  to  show  their  activity  bring  us,  in 
addition,  another  proof.  They  show  that  this  activity,  like  tliat  of 
animals,  is  a  guard  agp.inst  foreign  intervention,  and  that  this  guard, 
again  like  that  of  animals,  is  adapted  for  the  defense  and  preservation 
of  the  brute  mass. 

If  we  accord  a  special  value  to  the  adaptative  or  teleological  char- 
acteristic of  vital  phenomena,  a  characteristic  which  is  so  easily  abused 
in  biological  inteipretations,  we  may  also  find  it  again  in  the  inanimate 
world.  To  this  end  we  may  add  to  the  preceding  examples  a  last  one 
which  is  no  less  remarkable.  This  is  the  famous  case  of  the  photog- 
raphy of  colors  after  Becquerel's  method. 

Photography  of  colors. — A  grayish  plate,  treated  with  chloride  or 
iodide  of  silver  and  exposed  to  a  red  light,  rapidly  becomes  red.  It  is 
then  exposed  to  green  light  and  after  passing  through  some  dull  and 
obscure  tints  it  becomes  green.  If  we  wished  to  explain  this  remark- 
able phenomenon  we  could  do  no  better  than  to  sa}'^  that  the  silver  salt 
protects  itself  against  the  light  that  threatens  its  existence;  that  light 
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causes  it  to  pass  through  all  states  of  coloration  before  reducing  it; 
the  salt  stops  at  the  state  which  protects  it  best.  It  stops  at  red,  if  it 
is  red  light  that  assails  it,  because  by  becoming  red  it  repels  by  reflec- 
tion that  light;  that  is  to  sa3%  it  absorbs  it  the  least. 

It  may  then  be  advantageous,  for  the  purpose  of  comprehending 
natural  phenomena,  to  regard  the  transformations  of  inanimate  matter 
as  manifestations  of  a  sort  of  internal  life. 

Conchision — Rdations  of  the  imi^^ounding  medixvtn  to  the  living 
hetng  and  the  hrute  body. — Brute  bodies  then  are  not  immutable  any 
more  than  are  living  bodies.  Both  depend  upon  the  medium  that 
surrounds  them,  and  thej^  depend  upon  it  in  the  same  way.  Life 
brings  together,  puts  in  conflict,  an  appropriate  organism  and  a  suita- 
ble environment.  Auguste  Comte  and  Claude  Bernard  have  taught 
us  that  vital  phenomena  result  from  the  reciprocal  action  of  these  two 
factors  which  are  in  close  correlation.  It  is  also  from  the  reciprocal 
action  of  the  environment  and  the  biiite  body  that  inevitably  result  the 
phenomena  which  that  body  presents.  The  living  body  is  sometimes 
more  sensitive  to  ambient  variations  than  is  the  brute  body,  but  at 
other  times  the  reverse  is  the  case.  For  example,  there  is  no  living 
organism  as  impressionable  to  any  excitant  whatever  as  is  the  bolometer 
to  the  slightest  variations  of  temperature. 

There  can  only  be,  then,  one  chemically  immutable  body,  which  is 
the  atom  of  a  simple  body,  since  according  to  its  very  definition  it 
remains  unaltered  and  unalterable  in  combinations.  This  notion  of  an 
unalterable  atom  has,  however,  itself  been  attacked  by  the  doctrine  of 
the  ionisation  of  particles  advanced  by  J.  J.  Thomson;  and  besides, 
with  very  few  exceptions — those  of  cadmium,  mercury,  and  the  gases 
of  the  argon  series — the  atoms  of  simple  bodies  can  not  exist  in  a  free 
state. 

So  it  is  that,  as  in  the  vital  struggle,  the  ambient  medium  furnishes 
to  the  living  being,  in  whole  or  in  part  by  alimentation,  the  materials 
of  its  organization  and  the  energies  which  it  puts  in  play.  It  also 
furnishes  to  brute  bodies  their  materials  and  their  energies. 

It  is  also  said  that  the  ambient  medium  furnishes  the  living  being  a 
third  class  of  things,  the  stimulants  of  its  activities — that  is  to  sa\%  its 
''  provocation  to  action."  The  protozoan  finds  in  the  aquatic  environ- 
ment which  is  its  habitat  the  stimulants  which  provoke  it  to  move  and 
to  absorb  its  aliments.  The  cells  of  the  metozoan  encounter  in  the 
same  way  in  the  l^^mph,  the  blood,  and  the  interstitial  liquids  which 
bathe  them  the  shock,  the  excitation  which  brings  their  energies  into 
play.  They  do  not  have  in  themselves,  by  a  mysterious  spontaneity 
without  example  in  tho  rest  of  nature,  the  capricious  principle  which 
sets  them  in  motion. 

Vital  spontaneity,  so  readily  admitted  by  persons  ignorant  of  biology, 
is  disproved  by  all  the  history  of  the  science.     Every  vital  manifesta- 
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tion  is  a  response  to  a  stimulation,  a  provoked  phenomenon.  It  is 
not  necessary  to  say  that  it  is  the  same  with  brute  bodies,  since  that 
is  precisely  in  what  consists  the  great  principle  of  the  inertia  of  matter. 
It  is  plain  that  it  is  also  as  applicable  to  living  as  to  inanimate  matter. 

V. 

SPECIFIC  FORM.     LIVING  BODIES  AND  CRYSTALS. 
1.    SPECIFIC   FORM   AND   CHEMICAL   CONSTITUTION. 

In  the  enumeration  which  we  have  made  of  the  essential  features  of 
vitality  there  are  three  that  have,  so  to  speak,  a  prime  value.  These 
are,  in  the  order  of  their  importance:  The  possession  of  a  specific 
form;  the  faculty  of  growth,  or  nutrition;  and  finally,  the  faculty  of 
reproduction  by  generation.  By  restricting  our  comparison  between 
brute  l)odies  and  living  bodies  to  these  truly  fundamental  characters 
we  restrict  the  field,  but  we  shall  see  that  the  resemblances  do  not 
disappear. 

Wide  disi/rihutioii  of  crystalline  fm^nn, — In  the  mineral  world  we 
have  only  to  consider  crystallized  bodies,  they  being  almost  the  only 
ones  that  possess  definite  form.  In  restricting  ourselves  to  this  cate- 
gory we  do  not  limit  our  field  so  much  as  might  be  supposed.  Crys- 
talline forms  are  widely  distributed.  They  are,  in  a  manner,  uni- 
versal. Matter  has  a  decided  tendency  to  assume  these  forms  whenever 
the  physical  forces  which  it  obeys  act  with  order  and  regularity  and 
their  action  is  not  disturbed  by  accidental  occurrences.  In  the  same 
way,  too,  living  forms  are  only  possible  in  regulated  environments, 
under  normal  conditions,  protected  from  cataclysms  and  convulsions 
of  nature. 

The  possession  of  a  specific  form  is  the  most  significant  feature  of 
an  organized  being.  Its  tendency,  from  the  time  it  begins  to  develop 
from  the  germ,  is  toward  the  acquirement  of  that  form.  The  pro- 
gressive manner  in  which  it  seeks  to  realize  its  architectural  plan  in 
spite  of  the  obstacles  and  diflSculties  that  arise — healing  its  wounds, 
repairing  its  mutilations — all  this,  in  the  eyes  of  the  philosophical 
natui'alist,  forms  what  is  perhaps  the  most  striking  chai'acteristic  of  a 
living  being,  that  which  best  shows  its  unity  and  its  individuality. 
This  property  of  organogenesis  seems  preeminently  a  vital  property. 
It  is  not  so,  however,  for  cr3^stalline  bodies  possess  it  in  an  almost 
equal  degree. 

The  parallel  between  the  crystal  and  a  living  being  has  been  often 
drawn.  We  will  not  reproduce  it  here  in  detail.  We  wish  only,  after 
having  sketched  its  principal  features,  to  call  attention  to  the  new 
matters  concerning  it  that  have  been  brought  out  by  recent  investi- 
gations. 
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Organization,  of  crystals —  Views  of  Hauy^  Delafosse  and  Bravais^ 
and  of  Watterant — In  botany,  zoology,  and  crystallography  we 
understand  by  form  an  assemblage  of  material  constituents  coordi- 
nated in  a  definite  system;  that  is  to  say,  it  is  organization  itself. 
The  body  of  man,  for  example,  is  an  edifice  in  which  60  trillions  of 
cells  ought  each  to  find  its  own  place  fixed  in  advance. 

In  crystallography  also  we  understand  by  form  the  organization 
which  crystals  present.  The  grouping  of  the  elements  of  crystals  is, 
perhaps,  more  simple.  They  are  none  the  less  organized,  in  the  same 
sense  that  living  bodies  are. 

Their  organization,  while  more  uniform  than  that  of  living  bodies, 
still  shows  a  considerable  amount  of  variation.  It  should  not  be 
assumed  that  the  area  of  a  crystal  is  completely  filled  with  contiguous 
parts  applied  one  to  the  other  by  plane  faces,  as  might  be  supposed 
from  the  phenomena  of  cleavage  which  dissociates  the  parts  of  the 
crystalline  body  into  solids  of  this  kind.  In  reality  the  constituent 
parts  are  separated  from  each  other  by  spac^es.  They  are  arranged 
in  quincunx,  as  Hauy  says,  or  along  the  lines  of  a  network,  to  use  the 
terms  of  Delafosse  and  Bravais.  The  intervals  left  between  them  are 
much  larger  than  their  diameters.  So  it  is  that  in  the  organization  of 
a  crystal  it  is  necessary  to  take  into  account  two  quite  different 
things:  An  element,  the  crystalline  particle,  which  is  a  certain  aggre- 
gate of  chemical  molecules  having  a  determinate  geometrical  form, 
and  a  more  or  less  regular,  pamllelopipedic  netwoi'k,  along  whose 
ci'ests  are  arranged  in  a  constant  and  definite  manner  the  aforesaid 
particles.  The  external  form  of  the  crystal  indicates  the  existence  of 
the  network.  Its  optical  properties  depend  upon  the  action  of  the 
particles,  as  M.  Wallerant  has  shown.  There  are,  therefore,  to  be 
distinguished  in  a  crystal  two  kinds  of  geometrical  figures — that  of  the 
network  and  that  of  the  particle — and  their  characters  of  symnietr}'^ 
may  be  either  concordant  or  discordant. 

The  crystalline  particle,  the  element  of  the  crystal,  is  then  a  certain 
molecular  complex  that  repeats  itself  identically  and  is  identically 
placed  at  the  nodes  of  the  parallelopipedic  network.  It  has  been  given 
different  names  well  calculated  to  produce  confusion — the  crystallo- 
gitiphic  molecule  of  Mallard,  the  complex  particle  of  other  authors. 
Some  have  separated  this  element  into  subordinate  elements  (the 
fundamental  particles  of  Wallerant  and  of  Lapparent). 

These  very  general  outlines  will  suflice  to  show  how  complex  and 
adjustable  is  the  organization  of  the  crystalline  individual,  which^  in 
spite  of  its  geometric  regularity  and  its  rigidity,  may  be  compared 
with  the  still  more  flexible  organization  of  the  living  element.  The 
mineral  individual  is  more  stable,  less  prone  to  undergo  change  than 
is  the  living  individual.  We  may  say  with  M.  Lapparent  that  ^'crys- 
tallized matter  presents  the  most  perfect  and  stable  orderly  arrange- 
ment of  which  the  particles  of  bodies  are  susceptible." 
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Law  of  relation  of  specific  form  to  chemical  constitution. — Crystalli- 
zation is  a  method  of  acquiring  specific  form.  The  geometric  archi- 
tecture of  the  mineral  individual  is  but  little  less  than  marvelous  and 
no  less  characteristic  than  that  of  the  living  individual.  Its  form  is 
the  result  of  the  mutual  reactions  of  its  substance  and  of  the  medium 
in  which  it  is  produced;  it  is  the  condition  of  material  equilibrium  cor- 
responding to  a  given  situation. 

This  idea  of  a  specific  form  that  belongs  to  a  given  substance  under 
given  conditions  should  be  retained.  We  may  consider  it  as  a  sort  of 
principle  of  nature,  an  elementary  law,  which  may  serve  as  a  point  of 
departure  for  the  explanation  of  phenomena.  A  particular  substance, 
under  identical  conditions  of  environment,  must  alwavs  assume  a  cer- 
tain  form.  This  close  linking  of  substance  to  form,  admitted  as  a 
postulate  in  physical  sciences,  has  been  carried  by  some  philosophical 
naturalists,  such  as  M.  Le  Dantec,  into  the  biological  field. 

Let  us  imitate  them  for  a  moment.  Let  us  cease  to  seek  in  the  liv- 
ing being  for  the  prototype  of  the  crystal;  let  us  on  the  contrary  seek 
in  the  crystal  the  prototype  of  the  living  being.  If  we  succeed  in  this, 
we  shall  then  have  obtained  a  physical  basis  for  life.  Let  us  say,  then, 
with  the  biologists  of  whom  we  have  been  speaking,  that  the  substance 
of  each  living  individual  is  peculiar  to  it;  that  it  is  specific,  and  that 
its  form — that  is  to  say  its  organization — follows  from  it.  The  mor- 
phology of  any  being  whatever,  of  an  animal — of  a  setter  dog,  for 
example — or  even  of  a  determinate  being — of  Peter,  of  Paul — is  the 
'^crystalline  form  of  its  living  matter."  It  is  the  only  form  of  equi- 
librium that  can  be  assumed  under  the  given  conditions  by  the  sub- 
stance of  the  setter  dog,  of  Peter  or  of  Paul,  just  as  the  cube  or  the 
hopper  form  is  the  crystalline  form  of  sea  salt.  In  this  manner  these 
biologists  have  supposed  that  they  could  carry  back  the  problem  of 
living  form  to  the  problem  of  living  substance  and  at  the  same  time 
throw  back  the  biological  mysteiy  upon  the  physical  mystery. 

Yalme  of  form  as  a  characteriMic  of  llvltig  and  hnite  beings, — How- 
ever this  may  be,  it  can  be  affirmed  without  fear  of  exaggeration,  that 
the  crystalline  form  characterizes  the  mineral  with  no  less  precision 
than  the  anatomical  form  characterizes  the  animal  and  the  plant.  In 
these  two  cases  form — considered  as  a  method  of  distribution  of  the 
parts — signalizes  the  individual  and  allows  us  to  diagnose  it  with  more 
or  less  facility. 

Parentage  of  living  beings  and  mineral  parentage. — Still  another 
analogy  has  been  noted.  In  animals  and  plants  similarity  in  form 
indicates  similarity  in  descent,  community  of  origin,  and  proximity  in 
any  scheme  of  classification.  In  the  same  way  identity  of  crystalline 
form  indicates  mineral  relationship.  Substances  chemically  analo- 
gous show  identical,  geometrically  superposable  forms,  and  are  thus 
arranged  in  family  or  generic  groups  recognizable  at  the  first  glance. 
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Isomorphism  and  the  faculty  of  crossing. — Besides,  the  possibility, 
in  the  case  of  isomorphous  bodies,  of  replacing  each  other  in  the  same 
crystal  during  the  process  of  formation  and  of  thus  mingling,  so 
to  speak,  their  congenital  elements,  may  be  compared  with  the  pos- 
sibility of  interbreeding  with  living  beings  of  the  same  species. 
Isomorphism  is  thus  a  kind  of  faculty  of  crossing.  And  as  the  impos- 
sibility of  crossing  is  the  touchstone  of  taxonomic  relationship,  as  it 
is  the  proof  of  it,  separating  stocks  that  ought  to  be  separated,  so  the 
operation  of  cr3\^tallization  is  also  a  means  of  separating  from  an  acci- 
dental mixture  of  mineral  species  the  pure  forms  which  are  there 
blended.  Crystallization  is  the  touchstone  of  the  specific  purity  of 
minerals;  and  it  is  an  important  process  in  chemical  purification. 

Other  analiHjies, — ^The  analogies  between  crystalline  and  liv  ing  forms 
have  been  pushed  still  further,  even  to  the  verge  of  abuse. 

The  internal  and  external  symmetry  of  animals  and  plants  has  been 
compared  to  that  of  crystals.  Transitions  or  intergradations  have 
been  sought  between  the  rigid  and  faceted  architecture  of  the  latter 
and  the  flexible  structure  and  curved  surfaces  of  the  former;  the  utric- 
ular form  of  sublimated  sulphur  on  the  one  hand  and  the  geometrical 
structure  of  the  testa  of  radiolarians  on  the  other  are  thought  to  show 
an  exchange  of  typical  forms  between  the  two  systems.  An  eflfort 
has  even  been  made  to  draw  a  parallel  between  six  of  the  principal 
main  stems  of  the  animal  kingdom  and  the  six  crystalline  systems. 
Pushed  to  this  degree  the  projwsition  takes  on  a  puerile  chai'acter. 
Real  analogies  will  suffice.  Among  these  the  curious  facts  of  crystal- 
line renewal  deserve  first  place. 

±,    CICATRIZATION    IN   LIVING    BEINGS  AND   IN   CRYSTALS. ' 

We  know  that  living  beings  not  only  possess  a  typical  architecture 
that  they  have  themselves  constructed,  but  that  they  defend  it  against 
destructive  agencies  and  that  at  need  they  repair  it  The  living 
organism  cicatrizes  its  wounds,  repairs  losses  of  substance,  regener- 
ates more  or  le^  perfectly  the  part?;  that  have  been  removed;  in  other 
terms,  when  it  has  l)een  mutilated  it  tends  to  reconstruct  itself  accord- 
ing to  the  laws  of  its  own  mor|>hology.  This  phenomenon  of  recon- 
stitution  or  redintegration,  these  more  or  le^ss  successful  efforts  to 
reestablish  its  form  in  its  integrity,  appear,  at  first  sight,  to  be  a  char- 
acteristic feature, of  living  lacings.    That  is  not  the  case. 

M'utU<iti4m  an/f  rt^int<^ration  of  cryf<tah, — Crystals — let  us  say 
crystalline  individuals — show  a  similar  aptitude  for  repairing  their 
mutilations.  Pasteur,  in  an  early  work,  dij^cnissed  these  curious  facts. 
Other  experimenters,  Cirerne^  a  little  later  and  Rauber  quite  recently, 
took  up  the  same  subject  and  were  only  able  to  extend  and  confirm  his 
observations.  Crystals  are  formed  from  a  primitive  nucleus  as  the 
animal  is  formed  fre>m  an  egg;  their  integial  particles  are  disposed 
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according  to  efficient  geometrical  laws  so  as  to  produce  the  typical 
form  by  a  constructive  process  that  may  be  compared  to  the  embr^'^o- 
genic  process  that  builds  up  the  body  of  an  animal.  Now  this  opera- 
tion may  be  disturbed  by  accidents  in  the  surrounding  medium  or  by 
the  predetermined  intervention  of  the  experimenter.  The  crvvstal  is 
then  mutilated.  Pasteur  saw  that  these  mutilations  repaired  them- 
selves. ^'When,"  said  he,  "a  crystal  from  which  a  piece  has  been 
broken  off  is  replaced  in  the  mother  liquor,  we  see  that  while  it 
increases  in  every  direction  by  a  deposit  of  crystalline  particles,  an 
excessive  activity  occurs  at  the  place  where  it  was  broken  or  deformed; 
and  in  a  few  hours  this  suffices  not  only  to  build  up  the  regular  amount 
required  for  the  increase  of  all  parts  of  the  crystal,  but  to  reestab- 
lish regularity  of  form  in  the  mutilated  part."  In  other  words,  the 
work  of  formation  of  the  crystal  is  carried  on  much  more  actively  at 
the  point  of  lesion  than  it  would  have  been  had  there  been  no  lesion. 
The  same  thing  would  have  occurred  with  a  living  being. 

Mechanisia  oftlw  reparation. — Gernez  some  years  later  made  known 
the  mechanism  of  this  reparation,  or  at  least  its  immediate  cause.  He 
showed  that  on  the  injured  surface  the  crystal  becomes  less  soluble 
than  on  the  other  facets.  This  is  not,  however,  an  exceptional  phe- 
nomenon. It  is,  on  the  contrary,  quite  frequently  observed  that  the 
different  faces  of  a  crystal  show  marked  differences  in  solubility. 
This  is  what  0(*curs  in  eveiy  case  for  the  mutilated  face  in  comparison 
with  the  others;  the  matter  is  less  soluble  there.  The  consequence  of 
this  is  evident;  the  growth  must  preponderate  on  that  face,  since  there 
the  mother  liquor  will  become  supersaturated  before  being  so  for  the 
others.  We  may  make  this  result  understood  in  another  way.  Each 
face  of  the  crystal  in  contiict  with  the  mother  liquor  is  exposed  to  two 
antagonistic  effects:  The  matter  deposited  upon  a  surfatre  may  be  taken 
away  and  redissolved  if,  for  any  reason  whatever,  such  matter  becomes 
more  soluble  with  reference  to  the  liquid  stratum  in  contact  with  it; 
in  the  second  place,  the  matter  of  that  liquid  stratum  may  under  con- 
ti'ary  conditions  l)e  deposited  and  thus  increase  the  body  of  the  crystal. 
There  is,  then,  for  each  point  of  the  crystalline  facet,  a  positive  oper- 
ation of  deposit  which  results  in  a  gain  and  a  negative  op<>ration  of 
redissolution  which  results  in  a  loss.  One  or  the  other  effect  predom- 
inates according  as  the  relative  solubility  is  greater  or  less  for  the 
matter  of  the  facet  under  consideration.  On  the  mutilated  surfai'e  it 
is  diminished;  deposition  then  prevails.  But  this  is  only  the  imme- 
diate cause  of  the  phenomenon,  and  if  we  wish  to  know  why  the  solu- 
bility has  diminished  on  the  mutilated  surf a*»e  M.  Ostwald  will  explain 
it  to  us  by  showing  that  crystallization  tends  to  form  a  polyhedron  in 
which  the  surface  energy  is  a  minimum  relative. 
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VI. 

NUTRITION  IN  THE  LIVING  BEING  AND  IN  THE  CRYSTAL. 

It  has  been  said  with  justice  that  the  property  of  nutrition  may  be 
considered  as  the  most  characteristic  and  essential  one  of  living  beings. 
Such  beings  are  in  a  state  of  continual  exchange  with  the  surrounding 
medium.  They  assimilate  and .  disassimilate.  By  assimilation  the 
substance  of  their  being  increases  at  the  expense  of  the  surrounding 
alimentary  material,  which  is  rendered  similar  to  that  of  the  being 
itself. 

Assimilatian  and  grmcth  in  the  crystal. — There  exists  in  the  cr^'^stal 
a  property  analogous  to'  nutrition,  a  sort  of  nutrility,  which  is  the 
mdiment  of  this  fundamental  property  of  living  beings.  The  develop- 
ment of  a  crystal  starts  from  a  primitive  nucleus,  the  germ  of  the 
crystalline  individual  that  we  will  shortly  compare  to  the  ovum  or 
embr^^o  of  a  plant  or  an  animal.  Placed  in  a  suitable  culture  medium — 
that  is  to  say,  in  a  solution  of  the  substance — this  germ  goes  on  to 
develop.  It  assimilates  the  matter  in  solution,  incorporates  the  parti- 
cles of  it,  and  increases,  preserving  at  the  same  time  its  form?  repro- 
ducing its  specific  type  or  a  variety  of  it.  Its  growth  proceeds  without 
interruption.  The  crystalline  individual  may  attain  quite  a  large  size 
if  we  know  how  to  properly  nourish  it — we  might  say,  to  purvey  to  it. 
Ver}^  frequently,  at  a  given  time,  a  new  particle  of  the  crystal  serves 
in  its  turn  as  a  primitive  nucleus,  and  becomes  the  point  of  departure 
for  a  new  crystal  engrafted  upon  the  first. 

Taken  from  its  mother  liquor,  placed  where  it  can  not  be  nourished, 
the  crystal,  arrested  in  its  growth,  assumes  a  state  of  rest  which  is  not 
without  analog}^  with  that  of  a  seed  or  of  a  revivified  animal.  It 
awaits  the  return  of  favoitible  conditions,  the  bath  of  soluble  matter, 
in  order  to  resume  its  evolution. 

The  crystal  is  in  a  relation  of  continual  exchange  with  the  surround- 
ing medium,  which  feeds  it.  These  exchanges  are  I'egulated  by  the  state 
of  this  medium,  or,  more  exactly,  by  the  state  of  the  liquid  stratum 
which  is  in  immediate  contai't  with  the  crystal.  It  loses  or  it  gains  in 
substance  if,  for  example,  that  la^'er  becomes  heated  or  cooled  more 
rapidly  than  it.  In  a  general  way  it  assimilates  or  disassimilates 
according  as  its  environment  is  saturated  or  diluted.  There  is,  then, 
in  this  a  sort  of  mobile  equilibrium,  comparable,  in  some  way,  to  that 
of  the  living  being. 

Methods  of  gnncth  of  the  crystal  and  of  the  Uving  heing — intussuscep- 
tion— Appositio7i. — In  truth,  there  seems  to  be  a  complete  opposition 
between  the  crystal  and  the  living  being  as  regards  their  manner  of 
nutrition  and  growth.  The  latter  performs  this  by  intussusception; 
the  former  by  apposition.  The  crystalline  individual  is  all  surface. 
Its  mass  is  impenetrable  to  the  nutritive  materials.     Since  only  the 
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sui'face  18  accessible,  the  incorporation  of  similar  particles  is  possible 
only  by  exterior  juxtaposition,  and  the  edifice  increases  only  because 
a  new  layer  of  stones  has  been  added  to  those  which  were  there  before. 
On  the  contmry,  the  bod}'  of  an  animal  is  a  mass  eminently  penetrable. 
The  cellular  elements  that  compose  it  have  forms  that  are  more  or  less 
rounded  and  flexible.  Their  contact  is  by  no  means  perfect.  They  do 
not  have  either  the  stiffness  or  the  precision  of  adjustment  that  the 
crystalline  particles  have.  Liquids  and  gases  from  without  cla  insin- 
uate themselves  and  circulate  within  the  meshes  of  this  loose  construc- 
tion. Assimilation  can  therefore  take  place  throughout  its  whole  depth, 
and  the  edifice  increases  because  each  stone  increases  by  itself. 

The  secmidary  and  commonplace  charactei^  of  thej/rocem  of  intyssus- 
ception, — ^The  apparent  opposition  of  these  two  processes  is  doubtless 
diminished  if  we  compare  the  simple  mineral  individual  with  the  ele- 
mentary living  unit,  the  crystalline  particle  with  the  protoplasmic 
mass  of  a  cell.  Without  carrying  an  analysis  so  far  as  this,  it  is  yet 
easy  to  see  that  apposition  and  intussusception  are  mechanical  means 
that  living  beings  employ  at  one  and  the  same  time  and  combine  accord- 
ing to  their  necessities.  The  hard  parts  of  the  interior  and  exterior 
skeleton  increase,  toth  by  interposition  and  superposition  at  once.  It  is 
by  the  last  method  that  bones  increase  in  diameter,  and  that  are  formed 
the  shells  of  mollusks,  the  scales  of  reptiles  and  fishes,  and  the  testa  of 
many  radiate  animals.  In  these  organs,  as  in  crystals,  life  and  nutri- 
tion occur  at  the  surface. 

Apposition  and  intussusception  are  then  secondary,  mechanical 
arrangements  having  relation  to  the  physical  chanictei-sof  these  Ixxlies: 
Soliditj'  in  the  crystal,  semifluidity  in  the  cellular  protoplasm.  If  we 
compare  the  inorganic  liquid  matter  with  the  semifluid  organized 
matter,  we  recognize  that  the  addition  of  substance  is  made  in  the  same 
manner  in  each,  that  is  to  say,  by  interposition.  If  we  add  a  soluble 
salt  to  a  fluid,  the  molecules  of  the  salt  separate  and  interpose  them- 
selves between  those  of  the  fluid.  There  is,  therefore,  nothing  espe- 
cially mysterious  or  particularly  vital  about  the  process  of  intussus- 
ception. Applied  to  fluid  protoplasm  it  is  merely  the  diffusion  that 
ordinarily  occurs  in  mixed  liquids. 

VII. 

generation  in  brute  b0die8  and  living  bodie8— spontaneous 

(;eneration. 

We  have  not  yet  exhausted  the  analogies  between  a  crystal  and  the 
living  being.  The  possession  of  a  specific  form,  the  tendency  to 
reestablish  it  by  redintegration  and  the  existence  of  a  sort  of  nutri- 
tion do  not  suflice  to  constitute  a  complete  similarity.  It  still  lacks  a 
fundamental  character,  that  of  generation.     Chauffard,  some  time  ago. 
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in  an  attack  which  he  made  upon  the  physiological  ideas  of  that  time, 
chai-acterized  the  weakness  of  that  point.  "Let  us  disregurd,"  he 
said,  "those  interesting  facts  relative  to  the  acquisition  of  a  typical 
form — facts  that  are  common  to  the  mineral  world  as  well  as  to  living 
beings.  It  is  none  the  less  true  that  the  crystalline  type  is  in  no  way 
derived  from  other  preexisting  types,  and  that  nothing  in  crystalliza- 
tion recalls  the  actions  of  ascendants  and  the  laws  of  heredity." 

Since  his  time  this  gap  has  been  filled.  The  works  of  Gernex,  of 
Violet,  of  Lecoq  de  Boisbaudran,  the  experiments  of  Ostwald  and  of 
Tammann,  the  observations  of  Crookes  and  of  Armstrong — all  this 
series  of  researches,  so  well  summarized  by  M.  Leo  Errera  in  his 
essays  upon  philosophical  botany,  had  for  their  result  the  establish- 
ment of  an  unsuspected  relation  between  the  processes  of  crystallization 
and  those  of  generation  in  animals  and  plants. 

Protopldsm  is  a  continuing  svhstance — the  case  of  the  crystal.  — Under 
the  conditions  of  the  present  time  a  living  being  of  any  kind  springs 
from  another  living  being  similar  to  itself. 

Its  protoplasm  is  always  a  continuation  of  the  protoplasm  of  an 
ancestor.  It  is  an  atavic  substance  which  we  do  not  see  begin,  which 
we  only  see  continue.  The  anatomical  element  comes  from  a  preced- 
ing anatomical  element,  and  the  superior  animal  itself  comes  from  a 
preexisting  cell  of  the  material  organism,  the  ^^^.  The  ladder  of 
filiation  reaches  back  indefinitely  into  the  past. 

We  shall  see  that  there  is  something  analogous  to  this  in  certain 
crystals.  They  are  born  from  a  preceding  individual;  they  may  be 
considered  as  the  posterity  of  the  antecedent  crystal.  If  we  speak  of 
the  matter  of  a  crystal  as  the  matter  of  a  living  being  is  spoken  of  in 
cases  of  this  kind,  we  should  be  led  to  say  that  the  crystalline  sub- 
stance is  an  atavic  substance  of  which  we  see  only  the  continuation,  as 
occurs  in  the  case  of  protoplasm. 

Cha/ractei*isti<^4i  of  generation  in  the  living  being, — Growth  of  the  liv^- 
ing  substance,  and  consequently  of  the  being  itself,  is  the  fundamental 
law  of  vitality.     Generation  is  the  necessary  consequence  of  growth. 

Living  elements  or  cells  can  not  subsist  indefinitely  without  increas- 
ing and  multiplying.  There  is  certain  to  be  a  time  when  the  cell 
divides,  either  directly  or  indirectly,  and  soon  instead  of  one  cell  there 
are  two.  This  is  the  method  of  generation  for  the  anatomical  element. 
In  a  complex  individual  it  is  a  more  or  less  restricted  part  of  the 
organism,  usually  a  simple  sexual  cell,  that  takes  on  the  formation  of 
the  new  being  and  consequently  assures  the  perpetuity  of  the  proto- 
plasm and,  through  that,  of  the  species. 

Property  of  grmcth — Its  supposed  restriction  to  living  beings, — At 
first  it  would  appear  that  nothing  like  this  occurs  in  inanimate  nature. 
The  physical  machine,  if  we  furnish  it  matter  and  energy,  would  seem 
to  go  on  working  indefinitely'  without  being  obliged  to  increase  and 
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reproduce  itself.  There  is,  then,  in  this  an  entirely  new  condition 
peculiar  to  the  organized  being,  a  property  well  adapted,  it  would 
seem — and  this  time  without  any  possible  doubt — for  sepaititing  liv- 
ing matter  from  brute  matter.     It  is  not  so. 

It  would  not  be  impossible  to  imagine  a  system  of  chemical  bodies 
oi'ganized  like  the  animal  or  vegetable  economy,  so  that  a  destruction 
would  be  compensated  for  by  a  growth.  What  is  impossible  is  to 
realize  the  supposition  of  M.  le  Dantec,  a  destruction  that  would  at 
the  same  time  be  an  analysis.  And  an  additional  perplexity  occurs 
when  he  supposes  that  in  the  successive  acts  that  have  taken  place 
exchanges  of  material  may  occur. 

There  is  no  necessity  for  making  this  impossible  chemistry  a  char- 
acteristic of  the  living  being.  The  chemistry  of  the  living  being  is 
general  chemistry.  Berthelot  repeated  this  after  Lavoisier.  These 
teachings  of  the  masters  should  not  be  lost  sight  of  by  us. 

Let  us  return  to  generation,  properly  so  called,  and  find  there  the 
characteristics  of  brute  bodies — of  crystals. 

The  sminng  of  micro-organisms, — When  a  micro-biologist  wishes  to 
propagate  a  species  of  micro-organisms  he  charges  a  culture  medium 
witn  a  small  number  of  individuals  (one  is  all  that  is  actually  neces- 
sary) and  soon  observes  their  rapid  multiplication.  Usually,  if  only 
ordinary  mici'obes  that  exist  in  atmospheric  dust  are  wanted,  the  oper- 
ator is  not  obliged  to  take  the  trouble  of  charging  the  culture;  if  the 
culture  tube  remains  open  and  the  medium  is  suitably  chosen,  some 
germ  of  a  common  species  will  fall  in  and  the  liquid  will  become  col- 
onized.    This  has  the  appearance  of  a  spontaneous  generation. 

The  sowing  of  crystals, — Concentrated  solutions  of  various  sub- 
sbmces,  supersaturated  solutions  of  sulphate  of  soda,  sulphate  of 
magnesia,  and  chlorate  of  soda  are  also  wonderful  culture  media  for 
certain  mineral  organic  units — certain  crystalline  germs.  Ch.  Dufour, 
experimenting  with  water  cooled  below  0"  C,  its  point  of  solidifica- 
tion, Ostwald,  with  salol  kept  })elow  39. 5"^,  its  point  of  fusion,  Tam- 
mann,  with  betol,  which  melts  at  96^,  and,  before  them,  Gernez,  with 
melted  phosphorus  and  sulphur — all  these  physicists  have  shown  that 
liquids  in  surfusion  are  also  media  specially  appropriate  for  the  cul- 
ture and  propagation  of  certain  kinds  of  crystalline  individuals. 

Some  of  these  facts  have  become  classic.  LOwitz  showed  in  1785 
that  a  solution  of  sulphate  of  soda  could  be  concentrated  by  evapora- 
tion so  as  to  contain  more  salt  than  was  conformable  with  the  temper- 
ature, yet  without  depositing  the  excess.  If,  however,  a  solid 
fragment,  a  crystal  of  salt,  was  thrown  into  the  liquor,  that  excess 
would  soon  pass  into  the  state  of  a  crystallized  mass.  The  first  crys- 
tal engendered  a  second  similar  to  itself;  the  latter  engendered  a 
third,  and  so  on  from  one  to  the  other.  If  we  compare  this  phenom- 
enon with  that  of  the  rapid  multiplication  of  a  species  of  microbc^s  in 
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a  suitable  culture  medium,  but  one  important  difference  will  be  per- 
ceived— the  extreme  rapidity  of  propa^tion  of  the  crystalline  germs 
as  opposed  to  the  relative  slowness  of  the  generation  of  the  micro- 
organisms. 

The  crystalline  individual  gives  birth,  then,  to  another  individual 
that  conforms  to  its  own  type,  or  even  to  varieties  of  that  type  when 
such  exist.  Into  the  right  branch  of  a  U  tube  filled  with  sulphur  in  a 
state  of  surf usion  Gernez  dropped  octahedric  crystals  of  sul{^ur,  and 
into  the  left  branch  prismatic  crystals.  On  either  side  were  produced 
new  crystals  conforming  to  the  type  that  had  been  sown. 

SterUizatio7i  of  crystalline  media  and  liviny  media, — Ostwald  varied 
these  experiments  with  salol.  He  melted  the  substance  by  heating  it 
above  39.5°  C;  then,  protecting  it  against  any  crystals,  he  let  the 
solution  stand  in  a  closed  tube.  The  salol  remained  liquid  indefi- 
nitely— until  it  was  touched  with  a  platinum  wire  that  had  been  in 
contact  with  solid  salol;  that  is  to  say,  until  a  crystalline  germ  was 
introduced.  But  if  the  platinum  wire  has  been  previously  sterilized 
after  the  manner  employed  by  bacteriologists,  by  passing  it  through 
a  flame,  it  can  then  be  introduced  into  the  liquor  with  impunity. 

The  dimensions  of  crystalline  germs  are  comparable  to  those  of 
microbes. — We  may  dilute  the  solid  salol  with  an  inert  powder — sugar 
of  milk,  for  example — dilute  the  first  mixture  with  a  second,  the  sec- 
ond with  a  third,  and  so  on;  then,  throwing  into  the  solution  of  sur- 
fused  salol  a  tenth  of  a  milligram  from  one  of  these  various  mixtures, 
we  find  that  the  production  of  crystals  will  not  take  place  if  the  frag- 
ment thrown  in  weighs  less  than  a  millionth  of  a  milligram  or  meas- 
ures less  than  ten  thousandths  of  a  millimeter  on  a  side.  It  would 
seem,  then,  that  these  are  the  dimensions  of  the  crystalline  particle  or 
crystallographic  molecule  of  salol.  In  the  same  way  Ostwald  became 
assured  that  the  crystalline  germ  of  hyposulphite  of  soda  weighs 
about  a  billionth  of  a  milligram  and  measures  a  thousandth  of  a  milli- 
meter; that  of  chlorate  of  soda  weighs  a  ten-millionth  of  a  milligram. 
These  dimensions  are  entirely  comparable  with  those  of  microbes. 

All  these  phenomena  have  been  studied  with  a  detail  into  which  it 
is  impossible  to  enter  here,  and  which  clearly  shows  more  and  more 
close  analogies  between  the  formation  of  crystals  and  the  generation 
of  micro-organisms. 

Extension  cmd  jyropagation  of  crystallization — Optimum  tempera- 
ture of  incubcUion, — Crystallization  which  has  commenced  around  a 
germ  is  propagated  more  or  less  rapidly  and  ends  by  invading  the 
entire  liquor. 

The  rapidity  of  this  movement  of  extension  depends  upon  the  con- 
ditions of  the  environment,  particularly  upon  its  temperature.  This 
is  shown  very  well  by  the  experiments  of  Tanmiann  with  betol.  This 
body,  a  salicylate  of  naphthyl,  fuses  at  90^  C.     If  it  is  melted  in  tubes 
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sealed  at  a  temperature  of  lOO"^,  it  may  be  cooled  to  lower  and  lower 
temperatures,  to+70^,  to+25^,  to+lO^,  to— 5^,  without  solidifying. 
Let  us  suppose  that  by  some  combination  of  circumstances  a  small  num- 
ber of  centers  of  crystallization — that  is  to  say,  of  crystalline  germs — 
has  appeared  in  the  solution.  Solidification  will  extend  slowly  at  the 
ordinary  temperatures  of  20^  to  25^  and  the  neighborhood.  On  the 
other  hand,  it  will  be  propagated  with  great  rapidity  if  the  liquor  is 
kept  at  about  70^.  This  point,  70^,  is  the  thennic  optimum  for  the 
propagation  of  germs.  It  is  the  most  favoi'able  tempei'ature  for  what 
might  be  called  their  incubation.  As  soon  as  the  germs  find  them- 
selves in  a  liquor  at  70^  they  increase,  multiply,  and  show  that  they 
are  in  the  best  conditions  for  growth. 

Spontaneous  generatio7i  of  crystah — Optimura  temperature  for  the 
appearance  of  germs, — If  we  consider  various  supersaturated  solu- 
tions or  liquids  in  surfusion,  we  shall  soon  discover  that-the}'  can  be 
arranged  in  two  categories.  Some  remain  indefinitely  liquid  under 
given  conditions  unless  a  crystalline  germ  is  introduced  into  them. 
Others  solidify  spontaneously  without  artificial  intervention;  and  such 
crystallization  may  even  be  propagated  very  rapidly  under  determinate 
conditions.  These  are  for  them  conditions  favoring  the  spontaneous 
appearance  of  germs. 

This  distinction  between  substances  possessing  crystalline  genera- 
tion by  filiation  and  substances  having  crystalline  generation  that 
arises  spontaneously  is  not  specific.  The  same  substance  may  present 
the  two  methods  of  generation  according  to  the  conditions  in  which  it 
is  placed.  Betol  furnishes  a  good  example  of  this.  Liquefy  it  at 
100^  in  a  sealed  tube  and  keep  it  by  means  of  a  stove  above  30  \  and 
it  will  remain  liquid  almost  indefinitely.  On  the  other  hand,  lower 
its  temperature  and  leave  it  for  one  or  two  minutes  at  10"^  and  germs 
will  appear  in  the  liquor;  prolong  the  exposure  to  this  degree  of  heat 
and  the  number  of  these  spontaneously  appearing  germs  will  rapidly 
increase.  On  the  other  hand,  you  will  observe  that  propagation  by 
filiation,  that  is  to  say,  by  extension  from  one  to  another,  is  almost 
absent.  The  temperature  of  10^  is  not  favorable  to  that  method  of 
generation,  and  we  have  just  seen,  in  fact,  that  it  is  at  a  temperature 
of  about  70^  that  extension  of  crystallization  from  one  to  another  is 
best  accomplished.  The  temperature  of  70^  was  the  optimum  for 
propagation  by  filiation.  Inversely,  the  temperature  of  10^  is  the 
optimum  for  spontaneous  generation.  Above  and  below  this  optimum 
the  action  is  slower.  We  may  count  the  centers  of  crystallization 
which  slowly  extend  farther  and  farther,  as  in  a  microbic  culture  one 
counts  the  colonies  corresponding  to  the  germs  primitively  formed. 
To  recapitulate,  if  there  is  an  optimum  for  the  formation  of  crystals 
there  is  also  one,  different  from  the  first,  for  their  rapid  extension. 
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The  meta^table  and  labile  zones. — This  fact  is  general.  There  is  for 
each  substance  a  set  of  conditions  (temperature,  degree  of  concen- 
tration, volume  of  the  solution)  in  which  the  crystalline  individuals 
can  be  produced  only  by  germs  or  by  filiation.  This  is  what  occurs 
for  betol  above  the  temperature  of  30*^'.  The  body  is  then  in  what 
Ostwald  has  called  a  metastabh  2(me,  There  is,  however,  for  the 
same  body  another  set  of  circumstances  more  or  less  complex,  in 
which  its  germs  appear  spontaneously.  This  is  what  happens  for  betol 
at  about  the  temperature  of  10°.  These  circumstances  are  those  of  the 
laMle  zone  or  of  spontaneous  generation. 

CrystaU  of  glycerin. — We  may  go  a  step  further.  Let  us  suppose, 
as  does  L.  Errera,  that  we  have  a  liquid  that  is  found  in  a  state  of 
metastable  equilibrium  and  whose  labile  equilibrium  is  yet  unknown. 
This  is  what  actually  occurs  for  a  very  widely  known  body,  glycerin. 
We  do  not  know  under  what  conditions  glycerin  crystallizes  spon- 
taneously. If  we  cool  it,  it  becomes  viscous;  we  can  not  obtain  its 
crystals  in  that  way.  We  did  not  even  obtain  its  crystals  in  any  way 
before  the  year  1867.  In  that  year,  in  a  tun  sent  from  Vienna  to 
London  during  winter,  crystallized  glycerin  was  found  and  Crookes 
showed  these  crystals  to  the  Chemical  Society  of  London.  What  cir- 
cumstances had  determined  their  formation?  We  were  ignorant  of 
them  then  and  are  still  ignorant  of  them.  It  may  be  said  that  this 
case  of  spontaneous  generation  of  the  cr3'stals  of  glycerin  has  not 
remained  isolated.  M.  Henninger  has  noted  the  accidental  formation 
of  glycerin  crystals  in  a  manufactory  of  St.  Denis. 

It  may  be  remarked  that  this  crystalline  species  appeared,  as  living 
species  may  have  done,  at  a  given  moment  in  an  environment  in  which 
a  favorable  chance  combined  the  conditions  for  its  production.  It  is 
also  quite  comparable  to  the  creation  of  a  living  species;  for  having 
once  appeared,  we  have  been  able  to  perpetuate  it.  The  crystalline 
individuals  of  1867  have  had  a  posterity.  Thej^  have  been  sown  in 
glycerin  in  a  state  of  surfusion  and  there  reproduced  themselves. 
These  genemtions  have  been  sufficiently  numerous  to  spread  the  species 
throughout  a  great  part  of  Europe.  M.  Hoogewerf  showed  numerous 
examples  of  them  filling  a  great  flask  to  the  Dutch  naturalists  who 
met  at  Utrecht  in  1891.  M.  L.  Errera  presented  others  in  June,  1899, 
to  the  Society  of  Medical  and  Natural  Sciences  at  Brussels.  To-day 
the  great  manufactory  of  Sarg  &  Co.,  of  Vienna,  engages  in  their  pro- 
duction on  a  grand  scale  for  industrial  purposes. 

We  have  been  able  to  study  this  crystalline  species  of  glycerin  and 
to  determine  with  precision  the  conditions  which  permit  it  to  subsist. 
It  has  been  shown  that  it  does  not  resist  a  temperature  of  18^,  so  that 
if  precautions  were  not  taken  to  preserve  it,  a  single  summer  would 
suffice  to  annihilate  all  its  crystalline  individuals  that  exist  on  the 
surface  of  the  globe,  and  thus  extinguish  the  spei'ies. 
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Possible  extinction  of  a  crystalline  species. — As  these  crystals  melt  at 
18^,  that  temperature  represents  the  point  of  fusion  of  solid  glycerin 
or  the  point  of  solidification  of  liquid  glycerin.  Yet  the  liquor  does 
not  solidify  at  all  if  its  temperature  falls  below  18^,  nor  does  it  solid- 
ify at  zero,  nor  even  at  18°  below  zero,  it  merely  thickens  and  becomes 
pasty.  We  only  know  glycerin,  then,  in  a  state  of  surfusion,  a  fact 
which  chemists  have  not  learned  without  amazement. 

With  these  conditions,  so  analogous  to  the  appearance  of  a  living 
species,  to  its  unlimited  propagation  and  to  its  extinction,  the  mineral 
world  offers  a  quite  faithful  counterpart  to  the  animal  world.  The 
living  being  illustrates  here  the  history  of  the  brute  body  and  facili- 
tates its  exposition,  and,  inversely,  the  brute  body  in  its  turn  throws 
a  remarkable  light  on  the  subject  of  the  living  bod}^  and  upon  one  of 
the  most  serious  problems  relative  to  its  origin,  that  of  spontaneous 
generation. 

Conclusion, — These  facts  lead  to  a  single  conclusion.  Up  to  the  time 
when  the  concourse  of  propitious  circumstances  favorable  to  their 
spontaneous  generation  was  brought  about,  crystals  were  obtained  only 
by  filiation.  Up  to  the  time  of  the  discovery  of  electro-magnetism 
magnets  were  made  only  by  filiation,  by  means  of  the  simple  or  double 
application  of  a  preexisting  magnet.  Before  the  discovery  which  fable 
attributes  to  Prometheus,  every  new  fire  was  produced  only  by  means 
of  a  spark  derived  from  a  preexisting'fire.  We  are  at  the  same  his- 
torical stage  as  regards  the  living  world,  and  it  is  for  this  reason  that 
never  up  to  this  time  has  there  been  formed  a  single  particle  of  living 
matter  except  by  filiation,  except  by  the  intervention  of  a  preexisting 
living  organism. 
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[The  Hunterian  oration  delivered  on  Thursday,  February  14, 1901,  at  the  Royal  College  of  Surgeons 

of  England.] 

Gentlemen:  We  have  assembled  here  to-day  in  order  that  we  may 
commemorate  the  merits  of  John  Hunter  and  such  other  persons  whose 
labors  have  contributed  to  the  extension  of  our  knowledge  in  compara- 
tive anatomy,  physiology,  or  surgery.  Hunter's  life,  in  all  its  various 
aspects,  has  been  so  frequently  dwelt  on  in  former  orations  delivered 
in  this  theater  that  it  is  beyond  my  power  to  throw  any  fresh  light  on 
this  subject.  His  fame  is  attributable  to  his  having  possessed  an 
intense  love  of  science,  indomitable  energy,  and  a  self-reliant,  manly 
character.  If  we  turn  to  his  portrait  hanging  on  the  walls  of  this 
theater  it  would  seem  that  at  the  time  this  likeness  was  painted  Hunter 
was  engaged  in  the  study  of  the  craniology  of  man  and  anthropoid 
apes,  for  on  the  table  before  him  there  is  an  open  volume,  and  on  its 
pages  we  see  clearly  drawn  a  human  skull  and  the  skull  of  a  chim- 
panzee. Hunter  is  portrayed  pen  in  hand,  in  deep  thought,  having 
just  turned  away  from  the  book  he  hAd  been  studying;  and  though  his 
notes  on  comparative  anatomy  were  unfortunately  destroyed  with  his 

«  Reprinted  by  permission  from  edition  published  by  the  author.  London:  Smith, 
Elder  &  Co.,  1901. 

h  The  chart  [here  made  into  several  plates]  accompanying  the  text  of  this  oration 
was  compiled  from  photographs  of  casts  and  of  skulls  in  the  museum  of  the  Royal 
College  of  Surgeons  of  England.  These  photographs,  with  four  exceptions,  were 
taken  by  Mr.  George  in  the  photographic  room  on  the  college  premises  by  kind 
permission  of  Prof.  C.  Stewart  The  four  exceptions  includa  three  photographs 
from  skulls  in  the  Thumam  collection,  forming  a  part  of  the  anatomical  museum  of 
the  University  of  Cambridge,  for  which  I  have  to  thank  Dr.  J.  GrifSths,  and  the 
fourth  is  a  photograph  of  one  of  the  Mentone  skulls,  for  which  I  am  indebted  to 
A.  J.  Binny,  esq.  The  other  specimens  shown  on  the  chart  were  on  the  table,  and 
were  referred  to  during  the  oration.  The  portrait  of  John  Hunter  hanging  on  the 
wall  of  the  theater  belongs  to  the  college,  and  was  painted  in  the  year  1785  by  Sir 
Joshua  Reynolds.  The  oration  is  published  at  the  request  of  the  council  of  the 
college. — N.  C.  Macnamara. 

13  Grosvenor  street  W.,  March,  1901. 
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other  manuscripts,  we  can  hardly  doubt  that  craniology  was  a  subject 
in  which  he  was  deeply  interested,  or  it  would  not  have  held  so  promi- 
nent a  position  in  this  famous  picture.     It  would  therefore  seem  that 
on  an  occasion  such  as  the  present  we  can  do  no  higher  honor  to 
Hunter's  memory,  and  to  that  of  some  of  the  able  men  of  science  who 
have  followed  him,  than  b}'^  endeavoring  to  give,  in  as  few  words  as 
possible,  a  resum6  of  their  labors,  with  especial  reference  to  the  sub- 
ject of  craniology  and  the  light  which  it  is  capable  of  throwing  on  the 
prehistoric  inhabitants  of  western  Europe  and  of  the  evolution  of  the 
i*ace  of  men  to  which  we  belong.     One  of  the  most  brilliant  and  orig- 
inal thinkers  who  have  occupied  the  presidential  chair  of  this  college, 
Sir  William  Lawrence,  in  his  ever  memorable  lectures  on  the  natural 
history  of  man,  delivered  in  this  college  in  the  3'ear  1819,  from  his 
researches  in  comparative  anatomy  foreshadowed  the  idea  that  man 
and  apes  were  derived  from  common  ancestors.     Lawrence's  opinions 
were  received  with  a  storm  of  adverse  criticism.     Mr.  Aberneth3%  for 
instance,  charged   him  with    ''propagating  opinions   detriment^il   to 
society,  and  endeavoring  to  enforce  them  for  the  purpose  of  loosening 
those  restraints  on  which  the  welfare  of  mankind  depend."     Time, 
however,   has  proved  that  Lawrence  was  right,  and  in  the  coui>»e 
of  lectures  delivered  in  this  theater  in  Februar}^   1899,  Professor 
Keith,  from  a  careful  analysis  of  the  maximum  number  of  anatomic^il 
characters  common  to  man  and  apes,  arrived  at  the  conclusion  that 
they  are  derived  from  an  identical  or  a  kindred  stock.     While  admitting 
without  reserve  that  man  and  apes  are  structurally  almost  identical, 
nevertheless,  as  pointed  out  by  Professor  Iluxle^^  in  the  year  18r>:^, 
they  differ  very  materially  as  regards  the  relative  size  and  weight  of 
their  brains,  as  well  as  in  the  complexity  of  its  convolutions.     The 
carcass  of  a  full-grown  gorilla  is  heavier  than  that  of  an  average-sized 
European,  but  it  is  doubtful  whether  a  healthy  adult  European's  brain 
ever  weighed  less  than  32  ounces,  or  the  brain  of  the  heaviest  gorilla 
ever  exceeded  20  ounces  in  weight. **     Although  at  the  present  time 
there  is  this  marked   relative  difference  between  the  weight  of   the 
brain  and  the  form  of  the  skulls  of  Europeans  and  apes,  this  was  not 
always  the  case,  for  the  calvaria  of  the  earliest  discovered  human 
beings  were  in  form  not  very  far  removed  from  those  of  contempoi-ary 
anthropoid  apes.    This  fact  leads  us  to  inquire  into  the  nature  of  the  con- 
ditions which  have  led  to  the  increased  capacity  of  the  human  craniunu 
and  to  the  vast  superiority  of  man's  intellectual  endowments  over 
those  of  all  the  other  primates.     If  we  turn  to  Hunter's  preparations  in 
our  museum*  we  find  among  them  some  remarkable  specimens,  which 
he  describes  as    "compressed,"    ''unsymmetrical''    human    crania, 
which  he  believed  were  the  result  of  premature  consolidation  of  one 

«Man*8  Place  in  Nature,  by  Prof.  T.  Huxley,  p.  103. 
6  College  Catalogue,  Noe.  136,  137,  and  139. 
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or  more  of  the  sutures  of  the  nkull.  Professor  Virchow  states  that 
"iu  the  too  early  ossification  of  a  suture  of  the  skull  the  develop- 
ment of  the  cranium  is  arrested  in  the  diameter  perpendicular  to  that 
center."  Since  Hunter's  day  various  authorities  have  devoted  much 
time  to  the  subject  of  the  abnormal  closure  of  the  cranial  sutures  in 
man.  Prominent  among  them  are  the  names  of  the  chief  of  England's 
ci-aniologists,  Drs.  Thurnam,  Beddoe,  and  Barnard  Davis  (the  splendid 
collection  of  prehistoric  and  other  skulls  made  by  the  latter  gentleman 
is  now  in  the  possession  of  our  college),  and  we  have  come  to  learn 
that  the  size  and  shape  of  the  skull  depend,  to  a  large  extent,  on  the 
growth  of  the  bones  of  which  it  is  formed  along  the  lines  of  the 
various  cranial  sutures,  a  subject  to  which  1  have  referred  at  some 
length  in  my  book  on  The  Origin  and  Chai^acter  of  the  British 
People. 

It  is  well  known  that  the  frontal  bone,  which  forms  the  vault  of  the 
anterior  part  of  the  cranium  in  the  3^oung  of  man  and  apes,  is  divided 
by  a  suture,  and  so  long  as  this  line  of  growth,  together  with  the  cor- 
onal and  other  sutures  by  which  the  frontal  is  separated  from  sur- 
rounding bones,  remains  open,  the  fore  part  of  the  skull,  and  with  it 
the  anterior  fossae  which  it  incloses,  can  expand.  But  if  the  frontal 
and  the  other  anterior  sutures  of  the  cranium  consolidate  early  in  life 
the  fore  part  of  the  skull  can  not  increase  in  capacity  beyond  the  size  it 
had  reached  in  infancy.  Professor  Deneker  "  in  his  work  on  the  embry- 
ology and  development  of  anthropoid  apes  has  shown  that  in  conse- 
quence of  the  early  closure  of  the  anterior  sutures  of  the  skull  of  these 
animals  the  fore  part  of  their  brain  does  not  increase  beyond  the  size 
it  had  attained  at  the  end  of  the  first  year  of  life;  but  in  man  these 
sutures  do  not  consolidate  until  a  much  later  pei'iod,  so  that  the  ante- 
rior lobes  of  his  brain  are  enabled  to  expand,  and  actually  become  far 
more  perfectly  developed  than  the  corresponding  lobes  among  anthro- 
poid apes. 

Among  these  apes,  in  consequence  of  the  great  size  of  their  frontal 
sinuses  and  the  roofs  of  the  orbits  rising  more  obliquely  into  the 
cranial  cavity,  the  anterior  and  the  inferior  walls  of  the  anterior  fossae 
of  their  skulls  intrude  upon  and  lessen  the  capacity  of  this  space,  and 
therefore  of  the  anterior  lobes  of  the  brain  which  are  contained  in 
these  fossae.*  Virchow  states  that  "of  all  parts  of  the  ape's  head,  it 
is  the  brain  that  grows  least;"  even  "the  largest  ape  keeps  its  baby 
brain."  Although  we  have  not  sufficient  dabi  to  fix  the  absolute 
dui^ation  of  the  life  of  anthropoid  apes,  it  is  doubtful  if  they,  as  a 
rule,  attain  the  age  at  which  man  arrives  at  his  full  growth.     It  is, 


"Archives  de  Zoologie  ex|)^rimentale  et  generale,  tome  troifii^me,  ann6e  1885. 
''See  Prof.  D.  J.  Cunningham's  work  on  Surface  Anatomy  of  Cerebral   Hemi- 
spheres, p.  288. 
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however,  certain  that  the  largest  apes  are  perfectly  dev^eloped  when 
man  is  still  in  his  youth,  and  that  the  ape's  brain  has  reached  perfec- 
tion before  the  period  of  shedding  its  teeth,  while  in  man  it  then  takes 
its  real  first  step  to  perfection,  men  of  the  same  bulk  as  these  apes 
having  four  times  as  much  superficial  brain  surface.^ 

Whatever  other  functions  the  anterior  lobes  of  the  brain  perform, 
the  specific  structure  of  their  cortical  nerve  elements,  in  conjunction 
with  those  of  the  other  lobes  of  the  brain,  controls  our  associative 
memory  and  our  higher  intellectual  faculties.  If  we  study  the  collec- 
tion of  preparations  of  the  brains  of  apes  in  our  museum  we  must 
arrive  at  a  similar  conclusion  to  that  expressed  by  Professors  Edinger 
and  D.  J.  Cunningham,  which  is  that  the  gyri  (or  convolutions)  of  the 
brain  of  man  and  of  the  anthropoid  apes  are  to  a  large  extent  similar 
in  anatomical  characters,  with  the  marked  exception  of  those  convolu- 
tions which  enter  into  the  formation  of  the  frontal  lobes.  The  supe- 
rior and  the  middle  gyri  of  these  lobes  in  anthropoid  apes  are  always 
much  shorter  than  they  are  in  the  brains  of  average  Europeans,  and 
what  is  of  especial  importance  in  the  brains  of  anthropoid  apes,  the 
inferior  frontal  gyri  exist  only  in  a  rudimentary  condition  of  devel- 
opment. This  deficiency  is  very  marked  with  respect  to  that  area  of 
the  left  inferior  gyrus  which  contains  the  nerve  elements  which  con- 
trol our  faculty  of  articulate  language.  It  seems  probable  that  the 
rudimentary  condition  of  this  gyrus  in  apes  is  therefore  the  anatom- 
ical expression  of  the  inferiority  of  these  animals  to  man  in  intelligence, 
our  intellectual  development  depending  mainly  on  our  possessing  the 
faculty  of  speech.*  It  may  be,  anthropoid  apes  having  onlj^  rudimen- 
tary, if  any,  specialized  areas  of  the  cortical  nerve  elements  which 


a  The  Cranial  Affinities  of  Man  and  Apes,  by  Prof.  R.  Virchow,  p.  26,  Also  Jour- 
nal of  Anat.  and  Phys.,  new  series,  Vol,  XIII,  \h  275. 

&The  Anatomy  of  the  Central  Nervous  System  of  Man,  Prof.  Ludwig  Ivdinger, 
M.  D.,  translated  from  the  fifth  (ierman  edition  by  Prof.  W.  S.  Hall,  1889,  pp.  194, 
210.  Edinger  remarks  that  "very  gradually  the  mantle  of  the  embryonic  brain 
increases  in  extent,  ascending  in  the  vertebrate  series.  In  the  apes  belonging  to  the 
class  of  primates  it  has  attained  an  expansion  which  borders  closely  on  the  relations 
found  in  man.  Nevertheless,  an  important  factor,  besides  more  unessential  relations, 
still  separates  it  from  the  stage  reached  by  man.  The  frontal  lobe,  still  very  small 
in  the  lower  apes,  attains  a  large  size  in  the  higher  apes,  but  always  remains  much 
inferior  to  that  of  man.  In  man,  even,  this  developmental  process  is  nowise  ter- 
minated as  yet.  Differences  still  plainly  oci^ur  in  the  region  of  the  frontal  lobe 
which  allow  us  to  infer  the  possibility  of  further  perfecting.  The  inferior  region  of 
the  frontal  lobe,  which  contains  the  centers  of  articulate  speech,  and  shows  very 
marked  variations  in  development,  is  the  part  more  particularly  concerned." 

Prof.  D.  J.  Cunningham  staters  that  **one  of  the  most  remarkable  charat^ters  of  th^ 
cerebrum  of  the  chimpanzee  and  orang  is  the  total  absence  of  the  frontal  and  orbital 
opercula,"  or  the  pars  triangularis,  which  contains  Bn^ca's  nerve  center  for  articulate 
speech.  Contributions  to  the  Surface  Anatomy  of  the  Cerebral  Hemispheres,  by 
Prof.  D.  J.  Cumiingham,  Dublin,  1892,  pp.  110,  279,  305,  where  he  state*  that  **the 
inferior  frontal  convolution  of  the  ajje  is  very  different  fn^m  that  of  man." 
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regulate  the  apparatun  neoensary  for  the  production  of  articulate 
speech,  that  the  other  parts  of  their  anterior  lobes  have  remained  in 
a  comparatively  undeveloped  condition:  whereas  the  left  inferior 
frontal  lobe  of  mane's  brain  having  become  highly  specialized,  and 
with  it  his  power  of  language,  the  other  convolutions  of  his  anterior 
lobes,  which  govern  his  intellectual  faculties,  have  been  stimulated  to 
increased  action,  and  in  this  way  the  characteristic  expansion  of  the 
fore  brain  has  been  evolved  among  all  the  more  highly  civilized  races 
of  the  human  family. 

But  our  contention  is  that  the  factors  which  govern  the  growth  of 
the  skull  differ  from  those  which  develop  the  !>rain,  and  that  the 
imperfect  evolution  of  the  frontal  lobes  among  anthropoid  ape^  is  to 
a  large  extent  due  to  the  premature  ossification  of  that  p>art  of  the 
skull  which  incloses  the  fore  brain  and  to  the  remarkable  convexity 
of  the  orbital  plates  of  the  frontal  bone.  However  this  may  be,  the 
possession  of  fully  developed  anterior  lol>e>s  of  the  brain.  espec*ially  of 
its  left  inferior  gyrus,  is  the  distinctive  character  of  the  central  ner- 
vous system  of  all  those  families  of  mankind  who  possess  well-developed 
intellectual  capacities.  On  the  other  hand,  if  we  compare  the  skull  of 
an  Englishman  (with  a  cranial  capacity  of  1,575)  with  that  of  one  of 
the  natives  of  northern  Australia  (with  a  cranial  capacity  of  1,16()), 
we  see  what  a  wide  difference  there  is  between  the  development  of 
their  frontal  regions  and  also  as  to  the  nature  of  the  sutures  of  their 
skulls.^  (This  point  is  clearly  illustrated  in  the  photographs  taken  from 
the  skulls  of  *' existing  races  of  men/"  as  shown  in  the  lower  secrion 

^Profeaeor  Huxley  held  tliat  the  or^ganusatioii  of  the  haman  brain  had  more  to  do 
with  mao's  intelle<*taal  Baperiority  than  either  its  weight  or  size,  and  there  can  be 
no  question  that  men  liaving  small  heads  are  b}'  no  means  necessarily  wanting  in 
mental  capacity;  but  a  well-developetl  frontal  region  is  a  characteristic  feature  of  all 
the  more  higlily  ciWlized  c^>mmunJties  of  the  world,  and  among  such  people  low 
intelleidual  endowments  or  even  i«iiocy  is  foun<l  to  l>e  comparatively  frequent  in  those 
with  abnormally  small  frontal  lobes  (see  note,  p.  103,  Man's  Plao'  in  Nature).  We 
agree  fully  with  Professor  Huxley  that  among  all  the  known  races  of  human  beings 
the  brain  and  its  including  case,  the  skull,  grow  together,  and  the  former  does  not 
exerdse  an  absolutely  predominating  influence  over  the  development  of  the  latter. 
But  it  is  certain  that  if  the  anterior  part  of  the  skull  becomes  a  '*  shut  Mx  '*  eariy  in 
life,  it  must  control  the  subsequent  size  and  development  of  the  brain  which  it  con- 
tains. Professor  Welcker,  who  studied  this  subject  in  a  thorough  Teutonic  spirit^ 
arrived  at  the  conclusion  that  in  European  races  the  frontal  suture  remains  opens  up 
to  the  adult  period  of  life  in  one  out  of  nine  persons.  Among  African  races  it  is  not 
found  open  at  the  adult  period  of  life  in  more  than  one  in  one  hundred  and  fifty 
persons;  and  among  the  aborigines  of  Australia  no  adult  skull  has  yet  been  observed 
with  an  open  frontal  suture.  The  well-known  French  anatomist  Gratiolet  states  as 
a  result  of  his  researches  that  **  not  only  the  growth  of  the  brain  ceases  sooner  in 
those  races  in  which  the  sutures  close  early,  but  also  that  there  is  a  difference  between 
the  higher  and  lower  races  as  to  the  order  in  which  the  sutures  are  closed  normally. 
In  the  latter  the  anterior  sutures  consolidate  before  the  posterior,  and  in  the  higher 
races  it  is  the  reverse;  the  posterior  sutures  close  earlier  than  the  anterior.**  M. 
Gratiolet  bases  an  alignment  for  the  greater  perfectibility  of  the  higher  races  upon 


436        THE    ORANIOLOGY    OF   MAN    AND    ANTHROPOID   APES. 

of  the  chart  which  accompanies  this  oration.)  Weshall  discover  from 
specimens  in  our  museum  that  the  inhabitants  of  western  Europe  in 
the  later  Tertiary  and  earl}^  Quaternary  period,  as  regards  the  ossifi- 
cation and  form,  especially  of  the  frontal  region  of  their  skulls,  more 
closely  resembled  that  of  the  chimpanzee  than  the  race  of  men  now 
inhabiting  Europe.'* 

Since  Hunter's  and  Lawrence's  time  considerable  progress  has  been 
made  in  the  sciences  of  geology  and  anthropology.  Nevertheless,  in 
our  search  for  knowledge  concerning  the  origin  and  development  of 
prehistoric  man  in  western  Europe,  we  are  still  hampered  by  the  lim- 
ited supply  of  his  remains.  It  could  hardly  have  been  otherwise, 
considering  the  perishable  nature  of  the  human  skeleton  and  the  vast 
length  of  time  and  the  great  geological  changes  which  have  occurred 
since  man  appeared  in  our  part  of  the  world.  But  we  have  additional 
evidence  concerning  the  prehistoric  inhabitants  of  this  part  of  Europe, 
for  they  have  left  us  some  of  their  imperishable  handiwork  in  the 
shape  of  flint  and  stone  implements,  which,  during  the  past  century, 
have  been  carefully  studied  in  relation  to  the  geological  strata  in 
which  they  were  discovered,  by  Lord  Avebury,  Professors  Ifeyd 
Dawkins  and  Prestwichj'Sir  John  Evans,  the  late  Sir  William  Flower,* 
together  with  many  other  English  and  foreign  anthropologists.  A 
few  characteristic  specimens  of  these  Paleolithic  flint  instrumentis 
which  have  been  unearthed  in  pre-Glacial  and  in  inter-Glacial  foniia- 
tions  in  various  parts  of  England  may  be  seen  on  the  shelves  of  our 
museum,  which  also  holds  casts  and  the  skulls  of  the  Neanderthal  group 
of  men.  From  the  form  and  workmanship  of  these  stone  implements 
we  are  now  able  to  classify  and  assign  them  to  the  various  periods  in 
which  they  were  manufa<jtured  })y  the  early  inhabitants  of  our  part  of 
the  world. 

these  facte.  On  the  other  liand,  Prof.  L.  Edinger  is  di8poHe<l  to  agree  with  the 
late  Professor  Peris,  that  not  a  few  men  of  preeminent  intellei^tual  power  have  in 
early  life  been  affected  with  slight  hydrocephalus,  which,  having  abnormally 
expanded  thfeir  skulls,  has  then  receded.  The  brain  of  such  young  people  has  been 
able  to  attain  a  greater  capacity  than  it  would  have  acquired  had  there  been  no 
hydrocephalus  to  expand  the  skull  cap.  (The  Anatomy  of  the  Central  Nervous 
System  of  Man,  by  L.  Edinger,  M.  D.,  translated  from  fifth  German  edition  by 
Prof.  W.  S.  Hall,  p.  206.) 

oThe  Origin  and  Character  of  the  British  People,  by  N.  C.  Macnamara,  p.  25. 

&Sir  William  Henry  Flower,  K.  C.  B.,  F.  R.  S.,  died  on  July  1, 1899.  He  was  for 
some  years  the  conservator  of  the  Museum  of  the  Royal  College  of  Surgeons  of  Eng- 
land, and  the  council  of  the  college  unanimously  passed  the  following  resolution  at 
their  meeting  on  July  13, 1899: 

"The  council  hereby  express  their  deep  regn*t  at  the  death  of  Sir  William  Henry 
Flower,  K.  C..B.,  F.  R.  S.,  and  their  sincere  sympathy  with  I.ady  Flower  and  the 
members  of  his  familv.  The  council  rememl>er  how  much  Sir  William  Flower, 
while  conservator,  did  to  advance  the  utility  and  reputation  of  the  nmseimi  by  the 
skillful  discharge  of  his  duties,  an<l  by  the  eminent  position  which  he  won  for  him- 
self among  men  of  science,  and  they  hereby  reconl  their  grateful  appreciation  of  his 
services  to  the  college." 
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Up  to  within  recent  times  it  was  held  that  no  human  beings  existed 
on  the  earth  before  the  Quaternary  geological  epoch.  But  in  the  year 
1867  the  Abb6  Burgeois  exhibited  a  collection  of  chipped  flint  weapons 
which  he  had  discovered  in  a  previously  undisturbed  Tertiary  forma- 
tion; it  was  not,  however,  until  1872  that  these  instruments  were 
admitted  to  have  been  made  by  man  or  some  other  animal  living  pre- 
viously to  the  commencement  of  the  Quaternary  period.  Precisely 
similar  flint  weapons  have  since  been  discovered  in  Tertiary  strata  in 
various  localities  in  Europe,  and  in  Asia. 

In  the  year  1894  Dr.  Eugene  Dubois  found  the  upper  part  of  a 
human  skull  (calvaria)  in  close  proximity  to  a  femur,  and  two  molar 
teeth  in  a  well-defined  Tertiary  geological  formation  in  the  island  of 
Java.  Dr.  Dubois  was  employed  by  the  Dutch  Government  to 
examine  and  report  on  the  fossil-bearing  strata  of  Java,  and  while 
engaged  on  this  work  he  discovered  embedded  in  a  hard  mass  of  Ter- 
tiary tuflfs  the  bones  above  referred  to.  He  brought  these  fossils  to 
Europe  and  submitted  them  for  examination  to  the  leading  anatomists 
of  this  and  other  countries.  They  concurred  in  the  opinion  that  the 
femur  was  a  human  bone  belonging  to  a  man  of  a  very  low  type,  and 
which  showed  ' '  that  while  it  rendered  its  possessor  capable  of  the  bipedal 
mode  of  locomotion,  he  still  retained  some  vestiges  of  adaptation  to  an 
arboreal  existence."^  There  was  a  diflPerence  of  opinion  concerning 
the  calvaria,  for  it  was  calculated  the  capacity  of  this  skull  did  not 
exceed  850  c.  c.  The  cranial  capacity  of  the  largest  anthropoid  ape 
is  600  c.  c.  Until  the  Java  skull  was  found  the  earliest  known  human 
skulls  had  cranial  capacities  of  about  1,220  c.  c.  After  a  complete  and 
exhaustive  analysis  of  the  anatomical  characters  of  the  Java  calvaria, 
as  compared  with  the  skulls  of  man  and  apes,  Professor  Schwalbe  has 
arrived  at  the  cionclusion,  in  which  I  fully  concur,  that  the  Jav^a  skull, 
taking  both  its  form  and  capacity  into  consideration,  "  is  on  the  border 
line  between  that  of  man  and  anthropoid  apas;"  it  is  more  closely  allied 
to  the  skulls  of  the  Neanderthal  group  of  men  than  it  is  to  the  crania 
of  the  higher  apes,  but  it  is  much  nearer  in  anatomical  characters  to 
the  skull  of  the  chimpanzee  than  it  is  to  the  cranium  of  the  average 
adult  European  of  the  present  day.*  Nevertheless,  from  a  study  of 
the  impressions  of  the  convolutions  of  the  brain  on  the  interior  of  the 
Java  calvaria,  Dr.  Dubois  has  demonstrated  that  the  inferior  gyri  of 
the  frontal  lobes  are  well  marked,  and  approach  in  form  those  of  man; 
and  although  the  superficies  of  this  convolution  of  the  brain  in  the 
Java  skull  is  less  than  half  the  dimensions  of  that  of  Europeans  of  the 
present  day,  it  is  double  that  possessed  by  the  largest  known  anthro- 
poid ape.  This  fact  suggests  that  the  Java  man  had  in  some  slight 
degree  the  faculty  of  speech,  and  that  his  intellectual  capacity  was 

a  Journal  of  Anat.  and  Phys.,  new  series,  vol.  xiii,  p.  273. 

2>  Zeitschrif t  fiir  Morphologic  und  Anthropologic.  Professor  Dr.  G.  Schwalbe, 
Unlversitat  Strassburge.     Band  I,  heft  1,  1899,  p.  226. 


438        THE    CBANIOLOOY    OF   MAN   AND   ANTHBOPOID   APES. 

higher  than  that  of  any  anthropoid  ape  we  are  acquainted  with/'  The 
postorbital  index,  or  narrowing  of  the  Java  calvaria,  is  19.8  as  com- 
pared with  an  average  index  of  existing  Europeans  of  12.  In  this 
respect  the  Java  skull  comes  nearer  to  the  Neanderthal  group  than  it 
does  to  that  of  anthropoid  apes;  it  also  possesses  indications  of  the 
existence  of  that  characteristically  human  feature,  frontal  eminences. 

In  the  employing  of  skulls  which  we  believe  to  be  the  most  reliable 
test  of  human  races,  we  classify  them  under  three  heads,  according  to 
the  measurements  of  their  cranial  indices;  in  other  words,  the  meas- 
urement of  the  greatest  breadth  of  the  ci'anium  expressed  in  percent- 
age of  its  greatest  length  is  our  guide  as  to  the  race  to  which  an 
individual  belongs  from  a  craniological  point  of  view.  When  the 
cranial  index  rises  above  80  the  head  is  called  brachycephalic,  a  broad 
head;  when  it  falls  below  75  the  term  dolichocephalic,  or  longhead,  is 
applied  to  it.  Indices  between  75  and  80  are  chai^acterized  as  meso- 
cephalic,  intermediate  heads.  Assuming  the  length  of  the  cranium  to 
be  100,  the  width  is  expressed  as  a  fraction  of  it,  and  is  known  in  the 
living  subject  as  being  the  cephalic,  and  in  the  bare  skull  as  the  cranial 
index.  For  instance,  if  the  greatest  breadth  of  a  skull  is  152  mm. 
and  its  length  is  190  mm.,  we  multiply  the  breadth  (152)  })y  100,  and 
divide  the  product  by  its  length  (190),  which  gives  us  the  cephalic 
index  80. 

We  have  in  our  museum  casts  of  two  crania  and  other  bones,  form- 
ing part  of  human  skeletons  which  were  found  resting  on  a  ridge  of 
calcareous  rock  overlooking  the  river  Orneau,  in  the  commune  of  Spy, 
Belgium.  These  remains  were  unearthed  with  great  care,  and  there 
is  every  reason  to  believe  thej^  were  originally  deposited  where  they 
were  discovered,  being  covered  over  with  four  well-defined  beds  of  debris 
and  clav,  in  which  were  found  the  bones  of  the  rhinoceros  and  the 
mammoth,  also  flint  weapons  of  the  Mousterian  epoch.*  One  of  these 
skulls  has  charactei*s  which  resemble  those  of  the  higher  apes,  and 
assimilate  still  more  nearly  to  the  Java  skull,  indicating  the  low  tyj>e 
of  human  being  of  which  this  cranium  formed  a  part.  Its  form,  like 
that  of  the  other  human  inhabitants  of  Europe  as  yet  discovered 
in  the  early  geological  strata  of  the  preglacial  or  the  iiiterghu'ial 
period,  is  of  the  long  or  dolichocephalic  type,  its  sutures  are  simple, 
and  for  the  most  part  are  consolidated.  We  have  another  cAst,  pre- 
sented to  our  museum  by  Professor  Huxle3%  one  of  our  most  talented 
and  earnest  workers  in  the  science  of  anthropology,  taken  from  the 

«'*The  Brain  cast  of  Pithecanthropus  erectus,"  by  K.  Dulxjis,  Journal  of  Anat. 
and  Phys.,  new  series,  vol.  xiii. 

^The  most  superficial  layer  was  9.5  meters  ttiick,  and  was  formed  by  dt^bris  which 
had  fallen  from  the  rock  al>ove.  The  second  layer  was  3  meters  thick,  and  formed 
of  yellow  argillaceous  tuffs.  The  third  layer  was  6  meters  thick,  consistinyi;  of  red 
clay,  in  which  were  numerous  Mousterian  flints  and  the  tusk  of  a  mammoth.  The 
fourth  was  yellow  calcareous  clay,  imme<l lately  beneath  which  the  human  remiuns 
with  bones  of  extinct  animals  were  found. 
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Neanderthal  cranium.  This  cranium,  with  other  portions  of  a  Pale- 
olithic human  skeleton,  was  found  in  a  limestone  cave  near  Dusseldorf.^ 
The  cave  was  ittised  some  60  feet  above  the  existing  bed  of  the  river 
Diissel,  and  its  floor  was  covered  to  a  depth  of  5  feet  bj'^  fluviatile 
deposits,  beneath  which  these  human  remains  were  discovered.  The 
frontal  angle  of  the  Neanderthal  and  Spy  skull  (No.  1)  is  64^,  that  of 
the  Java  skull  is  50*^,  whereas  the  existing  races  of  adult  male  Euro- 
peans have  a  frontal  angle  of  about  90°;  in  this  group  of  skulls, 
although  still  but  slight,  the  indications  of  frontal  eminences  are  per- 
haps more  distinct  than  is  the  case  in  the  Java  skull.  The  skull  capacity 
of  the  Neanderthal  group  of  human  beings  amounts  to  1,220  c.  c,  the 
Java  skull  to  850  c.  c,  whereas  Europeans  of  the  present  day  have  an 
average  cranial  capacity  of  1,540  c.  c.  to  1,600  c.  c. 

We  have  in  our  collection  also  a  skull  of  the  characteristic  early 
Paleolithic  type,  presented  to  the  college  by  one  of  our  former  presi- 
dents whose  memory  is  treasured  by  all  who  knew  him.  Prof.  George 
Busk.  It  was  found  in  a  layer  of  .brecciated  talus,  under  the  north 
front  of  the  Rock  of  Gibraltar.  We  have  also  a  cast  of  the  calvaria 
of  one  of  this  race  found  in  countj'^  Sligo.  Another  skull  of  the  same 
type  was  discovered  at  Bury  St.  Edmunds,  with  the  remains  of  extinct 
animals  and  Mousterian  flint  weapons.* 

The  anterior  surface  of  the  lower  jaw  among  the  existing  races  of 
Europe  projects  to  form  the  chin.  Among  apes  the  reverse  is  the 
case,  for  the  anterior  surface  of  their  mandibles  recedes.  The  Malar- 
naud  and  the  Naulette  mandibles,  of  which  we  have  casts,  are  evidently 
those  of  human  beings.  They  were  found  in  geological  formations 
(which  also  contained  the  bones  of  extinct  species  of  animals  and 
Paleolithic  flint  weapons).  These  bones  are  distinctly  ape  like  in 
character,  having  receding  anterior  surfaces,  and  also  the  sockets  of 
all  the  molars  are  equal  in  size.  The  bones  of  the  legs  of  these  pre- 
glacial  or  interglacial  inhabitants  of  Europe  are  of  ape-like  form,  and, 
together  with  the  bones  of  their  arms,  prove  that  they  were  a  short 
powerful  race  of  beings  whose  average  stature  did  not  exceed  5  feet. 
They  are  known  as  the  Neanderthal  group  of  men.  The  side  view  of 
the  skulls  and  that  from  above  of  four  of  the  men  in  this  group  are 
illustrated  in  our  chart. 


«The  term  '*  Paleolithic  '*  is  applied  to  geological  formations  distinguished  by  con- 
taining the  rudest  shapes  of  human  stone  implements  associated  with  the  remains 
of  mammals,  some  of  which  are  entirely  extinct,  while  others  have  disappeared  from 
the  districts  where  their  remains  have  been  found.  These  deposits  may  be  classed 
under  the  heads  of  alluvium,  brick  earth,  cavern  l)eds,  calcareous  tufas,  and  loess. 
(Class  Book  of  Geology,  Sir  A.  Geikie,  p.  361.) 

ft  We  posness  accurate  drawings  and  a  description  of  this  cranium.  There  can  be 
no  question  that  this  was  a  genuine  Paleolithic  skull,  and  demonstrated  the  presence 
in  the  county  of  Suffolk  of  this  race  of  human  beings  when  England  was  still  con- 
nected by  land  with  France. 
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It  Bhould  be  clearly  understood  that  up  to  the  present  time  no  bona 
fide  human  remains  belonging  to  the  early  Paleolithic  period  have 
been  discovered  in  western  Europe  which  were  not  of  the  same  type 
as  those  above  described. 

When  the  glaciers  which  had  extended  over  the  greater  part  of 
Europe  moved  northward,  the  reindeer  passed  away  with  them  from 
our  part  of  the  continent.  These  animals,  which  could  be  easily  cap- 
tured by  man,  had  roamed  in  vast  herds  over  the  surface  of  the  coun- 
try, and  had  probably  afforded  the  human  inhabitants  of  that  period, 
living  in  western  Europe,  an  ample  supply  of  food.  The  climate  of 
our  part  of  the  world  at  the  termination  of  the  Glacial  period  became 
such  as  we  now  experience.  Britain  was  separated  from  France  b}' 
sea,  and  fine  rivers  containing  numerous  fish  filled  the  valleys  of  our 
land;  the  red  deer,  wild  horse,  and  various  fleet-footed  animals  abounded 
in  the  splendid  forests  which  overspread  the  country.  But  these  ani- 
mals and  the  fish  of  our  lakes  and  rivers  were  not  easily  captured,  and 
the  human  inhabitants  of  western  Europe  were  therefore  compelled 
to  exert  their  intellectual  capacities  to  an  extent  not  heretofore  neces- 
sary in  order  to  supply  themselves  with  food  and  with  the  skins  of 
animals  for  clothing.  Man  was  able  to  overcome  the  ditficulties  he 
had  to  face,  possessing  an  innate  power  by  means  of  which,  as  already 
explained,  his  brain  was  able  to  develop  and  so  meet  the  increased 
demand  made  upon  it  in  the  struggle  for  existence.  That  such  was 
the  case  we  judge  from  the  discovery,  in  geological  formations  of  the 
Post-dlacial  period,  of  the  skulls  of  men  having  the  same  physical  type 
as  those  of  the  strictly  early  Paleolithic  epoch  of  western  Europe,  but 
with  increased  brain  capacity.  These  Post-Glacial  human  skulls  indi- 
cate, in  m}'  opinion,  a  gradual  transition  in  form  from  the  af)e-like 
characters  of  the  previous  period  to  a  higher  standard,  and  certainly 
to  a  much  greater  skull  capacity,  especially  in  the  frontal  region.  With 
this  improvement  in  the  form  of  the  human  skull,  the  flint,  stone, 
bone,  and  horn  instruments  made  by  the  Post-Glacial  inhabitant's  of 
western  Europe  become  more  highly  finished  than  those  l^elonging  to 
the  previous  age,  indicating  the  posvsession  of  increasing  intellectual 
power  on  the  part  of  those  who  made  them. 

The  Engis  skull,  of  which  we  have  a  cast,  presented  to  this  college 
by  Sir  Charles  Lyell,  is  a  well-known  example  of  a  human  ci*anium  of 
the  early  Neolithic^  or  Post-Glacial  period.  Huxley,  in  his  descrip- 
tion of  this  skull,  observes,  ''  It  takes  us  at  least  to  the  further  side  of 

«The  term  Neolithic  is  used  to  mgnify  that  period  in  which  the  stone,  lx>ne,  and 
horn  implements  made  by  man  indicate  a  considerable  advance  in  the  arts  of  life 
beyond  those  discovered  in  the  previous  Paleolithic  epoch.  In  the  Neolithic  period 
the  remains  of  the  mammoth,  rhinoceros,  and  other  prevalent  extinct  forms  of  the 
Paleolithic  series  had  almost,  if  not  completely,  disappeared  from  western  Europe. 
The  deposits  in  which  these  Neolithic  remains  are  found  consist  of  river  gravels, 
cave  floors,  peat  bogs,  raised  l)eache8,  etc. 
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the  biological  limit  which  separates  the  present  geological  epoch  from 
that  which  preceded  it;"  that  is,  from  the  Glacial  period.**  The  Borris 
skull  probably  also  belongs  to  this  period,  its  characters  being  similar 
to  the  Tilburv  craniurii  described  by  Sir  Richard  Owen,  and  of  which 
we  have  a  cast  in  our  museum.  To  this  list  of  Post-Glacial — or  it  may 
be  of  the  later  Glacial — period  we  may  add  the  Egisheim  calvaria, 
or  so  much  of  it  as  has  been  preserved.  This  specimen,  of  which 
we  have  a  cast,  was  discovered  in  a  high  river  bed  near  Colmar  with 
the  bones  of  extinct  animals  and  Mousterian  flint  weapons.  These 
and  various  other  skulls  found  in  geological  formations  of  the  time 
referred  to  are  all  of  the  same  type,  and  lead  us  to  believe  that  the 
inhabitants  of  Europe  in  the  early  Neolithic  period  consisted  of  only 
one  mce — the  descendants  of  the  human  beings  who  inhabited  our 
part  of  the  world  during  the  previous  or  Paleolithic  epoch.  They 
had  long  (dolichocephalic)  skulls,  with  slightly  projecting  supiuorbital 
ridges,  well-formed  noses,  and  a  fairly  developed  frontal  region  as 
compared  with  the  far  more  ancient  Java,  Spy,  and  Neanderthal 
crania.  Their  mandibles  and  the  bones  of  their  legs  were  less  simian 
in  character  than  those  of  their  remote  progenitors.  They  were  a 
small  race  of  beings.  We  find  no  metal  weapons  or  instruments  with 
their  remains,  and  we  therefore  conclude  that  they  were  ignorant  of 
the  use  either  of  bronze  or  of  iron,  nor  do  they  seem  to  have  possessed 
domestic  animals  or  to  have  had  any  knowledge  of  agriculture. 

This  race  of  primitive  inhabitants  of  western  Euroi)e  are  best 
described  as  the  Iberians,  and  we  may  conveniently  employ  this  term 
so  long  as  it  is  understood  to  designate  the  Africo-European  stock, 
who  were,  so  far  as  we  know,  the  sole  human  inhabitants  of  western 
Europe  after  the  termination  of  the  Glacial  epoch. 

As  we  pass  from  the  early  to  the  mid-Neolithic  epoch,  we  come 
upon  the  remains  of  a  race  of  men  who,  as  regards  their  physical 
character  and  state  of  civilization,  essentially  differ  from  the  people 
above  referred  to.  The  stone  implements  found  with  their  skeletons 
are  beautifully  formed,  many  of  them  being  highl}'^  polished  and  hav- 
ing sharp  cutting  edges.  A  few  of  the  purest  bronze  ax  heads  have 
been  discovered  with  these  remains,  and  also  the  bones  of  domestic 
animals  belonging  to  species  indigenous  to  Asia,  but  foreign  to  the 
Paleolithic  fauna  of  Europe.  Lastl}',  we  have  evidence  that  these 
people  were  acquainted  with  agriculture  and  with  the  manufacture  of 
sun-dried  pottery.  They  paid  great  respect  to  their  dead  chiefs, 
burying  their  bodies  in  natural  caves,  or  in  tombs  formed  of  huge 
flagstones  placed  edgewise  side  by  side,  with  similar  stones  laid  on 
the  upright  ones  tu  form  the  roof  of  the  building.  These  structures, 
the  well-known  long  dolmens,  have  been  found,  built  on  precisely  the 

«  Man's  Place  in  Nature,  by  Professor  Huxley,  p.  120.     For  a  description  of  the 
Borris  skull,  see  8.  Laing  and  Professor  Huxley's  Prehistoric  Remains  of  Caithness. 
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same  plan,  in  Ireland,  England,  the  greater  part  of  Europe,  the  west 
of  Asia,  India,  Arabia,  and  northern  Africa.  The  construction  of 
these  dolmens,  wherever  met  with,  is  so  similar  in  style  that  we 
conclude  they  were  the  ^  ork  of  one  race,  or  at  least  of  one  special 
confedemcy  of  i*aces.  They  were  not  only  sepulchers  for  the  dead, 
but  many  of  them  also  contained  an  altar,  a  place  of  mourning  and  of 
oflFering,  where  intercession  was  made  to  the  spirits  of  departed  chiefs 
by  their  relations  and  tribesmen.  The  Rodmarton  long  dolmen  or 
temple  tomb  (near  Cirencester)  affords  us  a  good  example  of  one  of 
these  structures;  it  is  ISO  feet  in  length  and  70  feet  broad.  We  have 
in  our  museum  a  fine  human  skull  which  was  found  in  this  dolmen, 
with  some  well-polished  stone  implements.  If  we  compare  this  skull 
with  that  of  the  Java  or  the  Neanderthal  group  of  men  or  with  the 
skulls  of  the  early  Neolithic  human  inhabitants  of  western  Europe, 
we  are  struck  b}^  the  marked  difference  that  exists  between  them  and 
the  Rodmarton  skull.  Dr.  Thumam's  unique  collection  of  crania  ma}" 
be  seen  in  the  Anatomical  Museum,  Cambridge.  These  ci'ania  for  the 
most  part  were  unearthed  by  himself  from  various  English  long 
dolmens  and  barrows,  and  they  resemble  in  form,  although  they  are 
of  a  higher  type  than,  the  skulls  found  in  the  caves  of  Cro-Magnon 
and  Mentone;  they  are  identical  in  character  with  skulls  found  in  the 
long  dolmens  of  France  and  other  countries  of  Europe.  The  cranial 
index,  capacity,  and  other  features  of  the  bones  of  these  skulls  lead  us 
to  assign  them  all  to  one  and  the  same  race,  of  which  the  Cro-Magnon 
are  probably  some  of  the  earliest  specimens  as  yet  discovered  in 
western  Europe.  The  three  Cro-Magnon  and  three  Mentone  skele- 
tons were  those  of  people  some  6  feet  4  inches  and  upward  in  stature, 
so  that  a  race  of  giants  in  far  distant  times  was  no  myth.  Their 
ci'anial  capacity  was  above  that  of  the  average  Europeans  of  the 
present  da3\  From  their  physical  conformation  and  from  the  remains 
of  the  animals  found  buried  with  them,  which  are  of  Asiatic  species, 
and  from  other  evidence,  we  are  led  to  the  conclusion  that  the  Cro- 
Magnon  race  represent  the  advance  guard  of  the  proto-Aryan  human 
family,  of  which  the  Rodmarton^'  and  many  other  long  dolmen  skulls 
show  a  more  advanced  type.  These  people  in  far  distant  ages  migrated 
from  the  fkst  into  western  Europe,  and  from  thence  spread  into  our 
islands;  southward  they  passed  into  India,  Persia  and  Arabia,  Asia 
Minor,  and  northern  Africa.  Over  this  vast  area  and  far  away  in 
eastern  Asia  we  find  their  remains,  with  flint  and  stone  implements  of 
the  early  Neolithic  tyjje,  buried  in  long  dolmens  or  barrows.  The 
roots  of  many  of  the  words  used  by  this  ancient  people  exist  in  most 

«In  the  ilifltory  of  Ancient  Wiltshire,  by  Sir  H.  C.  Hoare,  Vol.  I,  pi.  xvii,  p. 
164,  there  is  an  account  of  a  skull  found  in  a  long  barrow  near  Stonehenge,  which  is 
now  to  be  seen  in  the  Anatomical  Museum  at  Cambridge  (No.  180a),  of  which  I 
have  a  photograph. 
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of  the  languages  now  spoken  in  Europe;  their  religious  sentiments, 
nij'ths^  and,  above  all,  their  i-acial,  mental,  and  physical  characters,  as 
portrayed  in  the  Rig- Veda  and  on  the  ancient  monuments  of  Egypt, 
are  pronounced  features  in  the  existing  Teutonic  and  Anglo-Saxon 
people.  From  the  form  of  the  cmnia  found  in  many  of  these  long 
dolmens  we  know  that  this  tall^  fair,  handsome,  long-skulled  race 
intermarried  with  the  preexisting  short,  dark  Iberian  inhabitants  of 
Europe.  The  fair,  tall  race  probably  did  not  at  any  time,  unless  in 
the  north  of  Europe,  form  a  large  proportion  of  the  population.  They 
were  a  dominating,  fighting,  and  priestly  caste,  who  compelled  the 
primitive,  small,  dark  (Iberian)  inhabitants  of  western  Europe  to 
work  as  their  slaves. 

During  the  Neolithic  era,  while  the  descendants  of  the  proto-Aryan 
stock  were  slowly  feeling  their  way  from  the  East  along  the  valley  of 
the  Danube  into  Europe,  a  very  different  race  wei-e  passing  from 
northern  Asia  into  the  Baltic  provinces.  These  people  formed  settle- 
ments on  the  islands  of  Denmark  and  westward  as  far  lus  the  north 
of  Ireland.  They  were  the  first  of  the  broad-skulled  races  of  the 
human  family  who  had  entered  Europe.  Their  skulls  were  brachy- 
cephalic  in  form,  with  broad  faces  and  noses,  the  latter  being  deeply 
concave  at  the  base.  Their  remains  are  found  in  the  islands  of  Den- 
mark, especially  that  of  MOen,  also  in  Yorkshire,  Derbyshire,  Staff ord- 
shire,**  and  in  Cos.  Antrim  and  Tyrone,*  in  which  localities  their 
descendants  may  still  be  recognized  by  their  physical  characters. 
They  buried  their  dead  and  did  not  practice  cremation,  as  did  the 
Mongolians  of  the  bronze  age  in  Europe.  These  people  belonged  to 
the  stone  age  of  Europe,  and  l)y  comparing  their  skulls  with  those  of 
the  Kodmarton  or  Cro-Magnon  crania  we  see  the  great  difference  in 
form  of  the  prehistoric  long  and  the  broad-headed  I'aces  of  men. 

Until  the  close,  therefore,  of  the  Neolithic  epoch  there  were  three 
pure  races  who  formed  the  sole  human  inhabitants  of  Europe,  so  far 
as  we  can  judge  from  their  skulls  and  other  remains,  with  the  excep- 
tion of  those  who  were  the  outcome  of  the  intermarriage  of  these 
three  racers  of  people  with  one  another. 

Passing  from  the  Neolithic  to  the  succeeding  bronze  age,  we  believe 
that  Europe  was  overrun  by  a  small,  broad-skulled  people  having 
characteristic  Mongoloid  features.  These  people  were  probabl}-,  in 
their  Asiatic  home,  originally  derived  from  the  samei  stock  as  the  tall, 
fair,  broad-skulled  North  Mongolian  race  above  referred  to.  But  the 
southern  Mongoloid  people  of  the  bronze  age  in  Europe  were  a  small 
race  of  men  with  dark  hair  and  eyes.  These  were  the  early  lake 
dwellers  of  Switzerland  and  other  parts  of  Europe.     Prof.  A.  C. 

a  Crania  Britannica,  tables  on,  pp.  241-244. 

6  Prof.  A.  C.  Haddon.    See  Studies  in  Irish  Craniology,  Prooeedinga  of  Royal  Irish 
Academy,  vol.  iv,  p.  577. 
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Haddon  indisposed  to  think  that  before  their  arrival  in  our  islands 
these  people  had  become  a  mixed  stock  through  intermarriage  with  the 
Iberian  or  Mediterranean  race.  (In  the  dolmen  at  Meudon  we  find 
the  remains  of  a  man  of  the  broad  and  a  woman  of  the  long  skulled 
race  placed  side  by  side.)  They  were  traders  in  bronze,  and  probably, 
as  Prof.  G.  Mortillet  and  other  authorities  hold,  gradually  i-eplaced 
stone,  horn,  and  bone  with  bronze  instruments  and  weapons,  effecting 
in  this  way  a  great  revolution  in  the  social  and  industrial  habits  of  the 
preexisting  inhabitants  of  western  Europe.  In  these  far  distant  times 
deep  mining  opei'ations  were  out  of  the  question.  Superficial  ores  of 
copper  were  abundant  in  most  parts  of  Europe  and  in  Asia,  but  alluvial 
tin  was  extremely  scarce,  and  it  is  still  only  found  in  large  quantities 
in  southeastern  Asia.  Cornwall,  the  Scilly  Isles,  the  south  of  Ireland, 
and  some  few  other  places  on  our  continent  also  contained  superficial 
ores  of  tin.  It  seems  probable  that  the  Mongolians  inhabiting  the  high- 
lands of  southeastern  Tibet,  long  before  the  commencement  of  the 
bronze  age  in  Europe,  spread  into  Burma,  the  Malay  Peninsula,  and 
Cochin  China,  and  there  acquired  the  art  of  mixing  copper  and  tin  in 
such  proportions  as  to  form  bronze,  the  weapons  and  instruments 
which  the}^  manufactured  of  this  metal  being  a  ready  and  profitable 
source  of  barter  in  Europe.  These  people,  without  doubt,  made 
bronze  weapons  both  in  the  south  of  England  and  of  Ireland,  for  clay 
molds  have  been  found  there  in  which  weapons  of  the  early  bronze 
period  in  Europe  were  cast. 

Together  with  the  broad  skulls  and  other  remains  of  these  people 
we  find  in  the  debris  of  the  lake  dwellings  numerous  ornaments  of 
jade,  nephrite,  and  chloromelanite,  minerals  found  in  large  quantities 
in  southeastern  Asia,  but  not  in  Europe;  and  lastly,  vases  on  which 
are  depicted  people  in  Oriental  costume,  and  instruments  used  only  by 
the  southeastern  Tibetans  have  })een  discovered  in  connection  with  the 
remains  of  the  lake  dwellers.  It  is  almost  unnecessary  to  remark  that, 
although  many  millions  of  Hindus  have  in  successive  periods  occupied 
the  greater  part  of  Bengal,  it  would  be  impossible  to  discover  their 
l>ones  in  the  soil,  for  the  simple  reason  that  they  have  either  burnt  the 
bodies  of  their  dead  or  else  cast  them  into  one  of  the  sacred  rivers  of 
India.  And  so  it  is  with  the  skeletons  of  these  southern  Mongoloid 
people  of  the  bronze  age  in  Europe.  As  a  rule  their  bodies  were  cre- 
mated after  death,  and  numerous  cinerary  urns  containing  their 
remains  are  found  scattered  over  the  Wiltshire  and  other  ranges  of 
hiUs  in  the  south  of  England.  Some  few  of  their  skeletons,  however, 
have  been  found  in  the  round  barrows  which  are  so  numerous,  espe- 
cially in  the  south  of  England,  of  Ireland,  and  throughout  various  other 
parts  of  Europe,  and  in  Asia.  With  these  remains  and  cinerary  urns 
very  many  bronze  instruments  have  been  met  with,  indicating,  like 
the  stone  implement^  of  the  Palaeolithic  period,  diffei*ent  stages  of 


THE    CBANIOLOGY    OV   MAN    AND   ANTHROPOID   APES.         445 

excellence  in  workmanship."  The  size  of  the  handles  of  the  bronze 
knives  and  other  weapons,  as  well  as  the  bangles,  prove  that  the  peo- 
ple who  used  them  were  a  small  race  of  men  and  women,  we  believe 
best  I'epresented  in  Europe  by  the  prehistoric  short  inhabitants  of 
Auvergne.* 

One  of  the  finest  skulls  m  our  museum  was  taken  from  a  round  bar- 
row at  Codford,  Wilts,  and  although  this  skull  must  be  at  least  five 
thousand  years  old  it  still  seems  as  if  it  were  full  of  life  and  fun  (see 
illustration),  characteristic  features  of  the  race  to  which  it  belonged. 
The  form  of  this  brachycephalic  skull,  together  with  its  nasal  bones 
and  orbits,  are  clearly  Mongoloid  in  character,  and  are  well  known  to 
those  of  us  who  have  lived  in  India  as  representing  the  Ghurkhas 
and  Burmese  of  the  present  day.  A  lazy,  bright,  rollicking  people, 
intensely  superstitious  and  home  loving — "the  Irish  of  the  East,"  as 
they  have  been  aptly  called.  In  the  course  of  many  centuries  the 
southern  Mongolian  people  of  western  Europe  have  unquestionably 
become  absorbed  into  the  preexisting  Ibcro- Aryan  population;  a  cross 
breed  has  resulted,  and  from  this  stock  the  ancient  British  people  of 
our  islands  were  derived.  Their  skulls  are  mesocephalic  (a  combina- 
tion of  the  long  and  broad  skull),  and  are  amply  represented  in  our 
museum,  the  cephalic  indices  being  about  seventy -eight.''  Subsequent 
to  the  bronze  age  the  ancient  Britons  were  well-nigh  exterminated  in 
England  by  Teutonic  races,  who  invaded  our  country  from  the  north 
of  Europe,  the  Anglo-Saxons  taking  the  place  of  the  preexisting 
ancient  British  population  of  England  and  Scotland.  Nevertheless, 
in  some  districts  of  England,  such  as  North  Bedfordshire,  a  number 
of  the  descendants  of  the  ancient  British  stock  continue  to  flourish  up 
to  the  present  day,  as  also  in  the  greater  part  of  South  Wales,  much 
of  Cornwall,  and  the  south  and  west  of  Ireland,  the  upper  classes  in 
Ireland  being  clearly  derived  from  the  ancient  Aryan  stock  who  passed 
from  Gallia  into  that  country  during  the  Neolithic  period.  The  illus- 
trations show  a  characteristic  head  and  face  of  one  of  the  descendants 
of  the  ancient  British  race  and  also  of  a  typical  Anglo-Saxon. 

Passing  from  prehistoric  to  the  present  time,  we  have  come  to  pos- 
sess the  measurements  of  the  heads  of  some  25,000,000  of  the  existing 
inhabitants  of  Europe.^  From  these  measurements  we  learn  that  a 
large  proportion  of  the  people  now  dwelling  in  the  countries  border- 
ing on  the  Mediterranean  Sea  are  a  short,  brunette,  long-skulled  race, 

«The  Ancient  Bronze  Implements  of  Great  Britain,  by  Sir  John  Evans. 

ft  Formation  de  la  Nation  Fran^aise,  par  G.  De  Mortillet,  Professor  tL  TEcole 
d'Anthropologie,  pp.  257,  269-270.  Bee  also  The  Dolmens  of  Ireland,  by  A.  C.  Bor- 
lase,  pp..  1012-1014. 

«The  Mongolian  cephalic  index  l)eing  from  eighty  upward,  and  that  of  the  Ibero- 
Aryan  seventy-five  and  below  that  figure. 

('The  races  of  Europe,  by  W.  Z.  Ripley,  p.  34. 
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descended,  we  believe,  from  those  who,  from  the  form  of  their  skulls 
and  other  physical  characters,  occupied  that  part  of  Europe  and  the 
north  of  Africa  in  far  distant  a^es — the  Iberian  race. 

Scandinavia  and  North  Germany  are  inhabited  by  a  tall,  fair,  lon^- 
skulled  people  derived  from  the  proto- Aryan  races  who  settled  in  that 
part  of  our  continent  in  the  Neolithic  epoch.  A  vast  triangle  having 
its  base  in  eastern  Russia  and  its  apex  on  the  Atlantic  in  southwestern 
France  is  inhabited  by  the  broad-skulled  people  derived  from  Mon- 
goloid or  Turanian  ancestors.  We  do  not  for  a  moment  affirm  that 
these  races,  as  such,  have  remained  pure — far  from  it;  but  the  results 
of  the  measurements  of  the  heads  of  a  great  number  of  the  existing 
inhabitants  of  Europe  point  to  the  conclusions  above  indicated;  and 
this  idea  is  confirmed  by  the  cranial  indices  of  the  splendid  collection 
of  crania  which  occupy  so  large  a  space  in  the  museum  of  this  college — 
a  collection  which  was  commenced  by  John  Hunter,  and  upon  which 
during  the  past  century  a  great  .amount  of  time  and  labor  has  been 
spent  in  describing  and  classifying  the  skulls  which  it  contains. *"  Our 
collection  has  been  added  to  and  kept  well  up  to  date  by  Prof.  C. 
Stewart,  and  might,  I  think,  with  advantage  to  science,  be  utilized  in 
an  effort  to  solve  the  debatable  question  of  the  connection  between  the 
Neanderthal  group  of  njen  and  the  postglacial  inhabitants  of  western 
Europe. 

The  characteristic  physical  type  of  paleolithic  man  may  be  still 
recognized  among  the  inhabitants  of  western  Europe,  although  their 
skulls  have  grown  more  capacious,  especially  in  the  frontal  region. 
This  change  in  the  form  of  the  cranium  marks  a  corresponding  advance 
in  the  capacity  and  organization  of  the  brain  and  of  the  intellectual 
ability  of  man;  it  is  in  truth  evide^ice  of  his  inherent  power  to  over- 
come the  demand  made  on  his  mental  capacity  in  order  to  cope  success- 
fully with  his  ever- increasing  struggle  for  existence,  consequent  on 
the  growth  in  number  of  his  fellow-creatures  and  the  more  compli- 
cated social  conditions  of  his  surroundings.  Doubtless  the  form  of 
skull  of  a  large  proportion  of  the  inhabitants  of  our  island  indicates  a 
cross  breed  formed  by  the  intermarriage  of  the  long  and  broad  skulled 
families  of  man  who  in  distant  ages  met  and  intermarried  in  western 
Europe,  thereby  improving  the  stock  of  their  descendants.  Races  of 
men,  such  as  the  natives  of  Australia,  who  have  remained  in  an 
unchanged  environment  and  without  intermarriage  with  other  people, 
have  made  but  little  progress  in  their  intellectual  capacity,  the  form 
of  their  skulls  continuing  of  the  same  type  as  those  possessed  by  the 
paleolithic  inhabitants  of  Europe. 

"  We  have  about  4,000  skullH  in  our  inu8eum,  arranged  according  to  the  countries  of 
which  they  are  presumably  native.  All  these  spei'iniens  have  been  accumtely  meas- 
ured and  described  in  our  t»talogue,  either  by  Sir  W.  Flower  or  by  Mr.  L.  McAra, 
under  Prof.  C.  Stewart* h  supervision. 
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The  same  causes  to  which  we  have  referred,  acting  for  long  periods 
of  time  on  people  of  the  same  race,  have  not  only  led  to  the  heredi- 
tary transmission  of  their  physical  chamcters,  such  as  those  existing 
respectively  among  the  northern,  central,  and  southern  inhabitants  of 
Europe,  but  have  also  developed  specialized  areas  of  nerve  structure 
in  their  brains,  by  means  of  which  they  have  come  to  think,  feel,  and 
reason  alike;  thus  having  an  inherent,  widely-diffused  individuality. 
In  this  way  we  are  able  to  comprehend  the  source  and  the  meaning  of 
large  bodies  of  men  belonging  to  the  same  race  being  frequently 
moved  to  take  common  action  on  matters  affecting  the  well-being  of 
their  race;  they  possess,  in  fact,  like  innate  sentiments,  or  racial  char- 
acteristics, although  separated  from  one  another  by  great  distances 
and  living  under  diverse  climates  and  environment.  Their  emotions 
and  ideals  harmonize,  because  their  progenitors  existed  for  many  ages 
under  similar  external  conditions,  and  consequently  developed  like 
specialized  nerve  centers,  which  have  been  transmitted,  together  with 
their  physical  characters,  to  their  successors,  and  become  crystallized 
in  their  laws,  and  reflected  in  their  conceptions  of  religion  as  well  as 
in  their  social  institutions.^ 

In  illustration  of  our  meaning  we  may  refer  to  those  revolting 
pages^  of  history  during  which  Belgium  and  the  Netherlands  passed 
under  the  dominion  of  Spain,  the  Iberian  dominating  for  the  time 
.being  over  a  thoroughly  Teutonic  race.  Or  we  may  conti'ast  the  exist- 
ing condition  of  the  Iberian  population  of  South  America  with  the 
Teutonic  Anglo-Saxon  inhabitants  of  the  United  States,  or  that  of  the 
latter  with  the  negro  population  of  America. 

We  have  a  chart  here  which  shows  the  result  of  the  recenjt  general 
election  held  in  this  country;  the  question  at  issue  was  one  in  which 
the  whole  of  the  people  of  Great  Britain  were  deeply  interested.  It 
is  remarkable  what  a  large  proportion  of  the  inhabitants  of  England 
and  of  Scotland,  mainly  of  Anglo-Saxon  origin,  voted  together  on  this 
subject;  whereas  a  contrary  opinion  regarding  this  same  question  was 
held  by  the  greater  proportion  of  the  people  of  Ireland,  and  to  a  large 
extent  by  the  Welsh,  most  of  whom  are  derived  from  Ibero-Mongolian 
ancestors.  It  is  diflScult  to  account  for  the  diversity^  in  the  sentiments 
of  the  people  above  referred  to,  unless  we  consider  it  due  to  their 
racial  mental  qualities.*    Environment  has  doubtless  played  an  impor- 

o  The  Origin  and  Character  of  the  British  People,  by  N.  C.  Macnamara,  p.  192. 
See  also  the  Westminster  Review,  December,  1900,  p.  634. 

^  This  idea  is  confirmed  by  the  result  of  the  elections  that  have  lately  taken  place 
in  Canada  and  in  the  United  States  of  America.  The  yomiger  branches  of  our  Anglo- 
Saxon  race,  forming  by  far  the  larger  proportion  of  the  inhabitants  of  these  vast  and 
flourishing  dominions,  ha<l  to  solve  a  similar  question  to  that  placed  before  the  peo- 
ple of  Great  Britain,  and  they  have  resiK)nded  by  a  vast  majority  to  this  call,  on 
precisely  the  same  lines  as  those  followed  by  finglishmen,  moved,  we  believe,  by 
common  racial  inherent  sentiments. 
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tant  part  in  the  evolution  of  the«e  people,  but  their  inherited  lueial 
character  han  had  more  to  do  with  the  position  which  the  Anglo-Saxon 
race  has  gained  in  the  world  than  the  mineral  wealth,  climate,  or 
protection  afforded  us  by  our  seagirt  coast. 

The  environment  under  which  even  a  few  generations  of  men  exist 
would  seem  capable  of  influencing  the  structure  of  their  central  nerv- 
ous system,  as  illustrated  by  comparing  the  mental  qualities  of  our 
rural  and  urban  population.  The  conditions  under  which  the  cit}'- 
bred  child  and  man  live  engender  in  the  course  of  a  few  generations 
an  unstable  state  of  nerve  structure,  resulting  in  an  excitable  charac- 
ter, which,  if  carried  beyond  a  certain  point,  leads  to  unsoundness  of 
mind,  and  may  account  for  the  increasing  number  of  lunatics  in  this 
and  the  other  large  cities  of  Europe.  Gen.  Sir  Redvers  Buller  again, 
in  speaking  of  the  soldiers  under  his  command  in  South  Africa,  refers 
to  the  fact  that  our  city-born  men  have  imperfect  sight  compared  with 
men  reared  in  the  open  plains  of  the  Tmnsvaal,  thus  affording  us 
another  example  of  the  effects  of  environment  on  the  race.^  These 
are  a  few  of  the  many  interesting  and  important  subjects  which  arise 
in  connection  with  the  study  of  anthropology,  including  craniology; 
and  the  contents  of  our  museum  and  library  offer  unrivaled  oppor- 
tunities to  the  student  seeking  for  knowledge  in  these  branches  of 
science. 

In  conclusion,  as  already  stated,  much  of  Hunter's  reputation  was 
founded  on  the  result  of  his  lal)ors  in  those  branches  of  science  which 
tend  to  elucidate  man's  nature;  and  during  the  past  centur}'^  a  succes- 
sion of  English  surgeons  have  carried  on  the  work  commenced  by  our 
great  master,  enriching  our  nmseum  and  endeavoring  to  make  this 
college  not  only  an  examining  and  licensing  body,  but  what  it  cer- 
tainly should  be — an  imperial  institution  for  the  cultivation  and  diffu- 
sion of  those  departments  of  knowledge  which  bear  on  compamtive 
anatomy,  physiology,  or  surgery.  The  ideas  entertained  by  John 
Hunter's  immediate  successors  on  this  subject  were  ably  stated  by  Sir 
William  Lawrence,  in  his  lectures  already  referred  to,  when  he 
obseiTes  that  "our  own  individual  credit  and  the  dignity,  honor,  and 
reputation  of  our  body,  which  we  are  bound  to  maintain,  demand  that 
surgeons  should  not  be  behind  any  other  class  of  the  community  in 
the  possession  either  of  the  cultivation  of  those  branches  of  knowl- 
edge which  are  directly  connected  with  surgery  or  in  any  of  the  col- 

"Sir  Redvers  Buller  in  one  of  his  ppeeches  is  reported  to  have  stated  that  "in  the 
first  instanfe,  many  of  our  men  are  city  l)om,  and  Kn^^land  is  not  a  very  large  coun- 
try. We  went  out  to  a  region  where  the  principal  numl)er  of  our  enemies  were 
bom  in  a  very  open  country,  a  very  large  country,  and  it  is  not  untnie  to  say  that 
practically  the  vision,  the  onlinary  sight,  of  our  enemy  was  2  miles,  at  least,  farther 
than  the  averajje  sight  of  the  English  who  were  fighting  against  them.  That  'm  a 
matter  of  actual  fact.  An  onlinary  Dutchman  or  African  can  see  a  man  coming 
tow^Afd  him  2  miles  before  the  man  approaching  can  dete<'t  him." 


THE   CRANIOLOGY    OF   MAN    AND    ANTHROPOID    APES.         449 

latei-al  pursuits  less  immediately  attached  to  it.'^  Sir  William  con- 
tinues: ''It  is  only  in  reference  to  such  views  and  objects  that  the 
Hunterian  collection  could  have  been  accepted  or  can  be  of  any  use  to 
this  college."**  Hunter  would,  had  he  still  been  with  us,  have  thrown 
all  his  indomitable  energies  into  the  successful  working  of  such  an 
institution,  and  amidst  the  turmoil,  strife,  and  competition  going  on 
around  him,  would,  as  we  see  him  in  this  picture,  have  been  engaged 
in  the  earnest,  accurate,  patient  study  of  nature.  It  remains  for  our 
younger  members  to  emulate  the  example  set  them  by  John  Hunter, 
and  by  such  service  secure  for  themselves  lasting  satisfaction  and  add 
to  the  real  dignity  and  utility  of  this  college  and  of  their  profession. 

« Lectures  on  Physiology,  Zoology,  and  the  Natural  History  of  Man,  delivered  at 
the  Royal  Ck)llege  of  Surgeons  by  W.  Lawrence,  F.  R.  S.,  1819,  p.  497. 
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THE  BAOUSSfi-ROUSSfi  EXPLORATIONS:  STUDY  OF  A 
NEW  HUMAN  TYPE,  BY  M.  VERNEAU.« 


By  Albert  Gaudry, 

Member  of  the  Institute  of  France, 


The  Prince  of  Monaco  delights  not  only  in  exploring  the  depths  of 
the  oceans  of  to-day,  he  also  loves  to  explore  the  depths  of  the  past. 
He  has  undertaken  to  excavate  the  Baouss^-Rouss^  on  so  vast  a  scale 
that  the  place  is  destined  to  throw  much  light  on  the  history  of  primi- 
tive man. 

The  name  Baouss^-Rouss^  (Red  Rock)  is  well  known  to  scientists  since 
the  discoveries  of  M.  Emile  Rivifere.  A  large  quantity  of  material 
has  been  taken  from  its  various  grottoes;  in  one  of  them  was  found 
the  celebrated  skeleton  of  the  Jardin  desPlantes,  known  as  the  Man  of 
Mentone.  The  Prince  of  Monaco  enlisted  as  his  assistants  several 
French  scientists:  The  Abb6  de  Villeneuve  methodically  directs  the 
excavations,  removing  each  stratum  separately  so  as  to  clearly  estab- 
lish the  succession  of  the  phases  of  prehistoric  times;  M.  Marcelin 
Boule,  so  well  versed  in  quaternary  paleontology,  assumes  the  exam- 
ination of  the  various  fossil  animals;  M.  £mile  Cartailhac,  the  eminent 
corresponding  member  of  the  Institute,  works  ^i  unearthing  the  human 
skeletons  which  M.  Verneau,  the  assistant  of  M.  Hamy  at  the  Museum, 
is  studying  with  his  usual  skill.  It  would  be  impossible  to  bring 
together  scientists  more  capable  of  successfully  carrying  out  the  great 
enterprise  of  the  Prince  of  Monaco. 

One  of  the  grottoes  in  particular  has  furnished  to  the  Abb6  de  Ville- 
neuve results  of  considerable  importance.  This  is  the  Grotto  des 
Enfants,  so  called  because,  in  1874,  M.  Emile  Riviere  discovered  there 
two  skeletons  of  children  which  to-day  are  in  the  collection  of  the 
Catholic  Institute  directed  by  M.  de  Lapparent.  In  the  accompany- 
ing figure  (see  p.  452)  there  is  shown  a  section  of  the  v^arious  de- 
posits and  levels  of  domestic  occupation  down  to  the  rocky  floor  of 
the  grotto.  In  the  first  seven  meters  the  Abb4  de  Villeneuve  found 
abundant  remains  of  animals,  human  utensils,  and  even  two  human 
skeletons.    These  specimens  added  nothing  particularly  new  to  what 

«Traiwlated  by  permission  of  the  author  from  La  Nature,  Paris,  >Jo.  i511,  May  10, 
1902. 
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had  already  been  found  in  the  Baouss^-Roussi^,  by  MM.  Emilc  Riviere, 
Verneau,  and  others.  At  the  depth  of  7  metern  and  below,  however, 
M.  de  Villeneuve  made  some  curious  discoveries  whose  true  value  has 
been  brought  out  by  the  discerning  mind  of  Dr.  Verneau.  At  that 
level  there  is  a  stratum  in  which  are  found  the  remains  of  the  cave 
hyena  and  Moustenan  implements. "  Nothing  is  disturbed,  and  we 
are  therefore  certain  that  we  are  welt  within  the  paleolithic  age. 
Hei-e  the  Abb^  de  Villeneuve  has  wholly  uncovered  what  he  calls  a 
double  sepulture.  As  shown  in  the  accompanying  plate,  there  are 
two  skeletons— one  that  of  an  old  woman,  the  other  that  of  a  young 
man — placed  side  by  side,  in  a  perfet^t  state  of  preservation,  the  limbs 
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bent  up  toward  the  chin,  stones  being  placed  so  as  to  protect  the  heads. 
Formerly  there  was  much  discu.ssion  as  to  whether  paleolithic  men 
honored  and  buried  their  dead.  MM.  Cartailhac  and  Kmile  Riviere 
maintained  that  they  did  so.  The  explorations  instituted  by  the  Prince 
of  Monaco  confirm  their  assertion  and  put  the  matter  Iwyond  doubt. 

From  a  study  of  these  hrads  Or.  Verneau  obtained  the  following 
results: 

In  the  upi)er  half  they  show  quite  .sujierior  characters;  they  are 
well  developed,  with  tine  foreheads.  On  examining  the  lower  half, 
howe\cr,  a   prognathism   is  found,  more  marked  than  has  hitherto 

(■St^tabli'iif  (^laM'iliuttioii  in  KeiHirtuf  Siiiitbsonian  Institution  for  1901, pp. 439, 440. 
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been  noted  in  any  neolithic  or  paleolithic  fossil  men,  greater  even  than 
in  the  skulls  of  Spy,  in  Belgium,  which  have  been  so  well  studied  by 
MM.  Fi*aipont  and  Lohest,  and  which  bear  in  certain  respects  marks 
of  inferiority.  The  shape  of  the  chin  corresponds  to  this  progna- 
thism, it  being  straight  instead  of  projecting  forward  as  in  the  supe- 
rior races.  Besides,  M.  Verneau  found  on  each  side  of  the  base  of 
the  nasal  opening  a  groove  chamcteristic  of  the  negro.  So  it  seems 
that,  in  a  deposit  belonging  to  the  paleolithic  age,  beside  the  remains 
of  the  cave  hyena  whose  descendants  inhabit  southern  Africa,  there 
are  found  human  remains  with  crania  having  in  the  lower  part  negro 
characteristics,  in  the  upper  those  of  the  white  race.  Is  it  possible 
that  Dr.  Verneau  has  found  a  connecting  link  between  the  African 
and  the  Caucasian  types,  and  that  we  have  here  the  skeletons  of  two 
beings  who  represented  this  transition  ?  Such  a  conclusion  would  be 
premature,  but  we  may  at  least  say  that  he  has  found  a  negroid  ele- 
ment hitherto  unknown  among  the  paleolithic  or  neolithic  men  of 
Europe.  Anthropologists  and  paleontologists  owe  their  thanks  to  the 
enlightened  prince  who  is  aiding  them  to  discover  the  mysterious  his- 
tory of  prehistoric  man. 
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By  W.  H.  Holmes. 


The  fossil  remains  of  two  humaD  beings  were  discovered  while 
digging  a  cellar  tunnel  for  the  storage  of  fruit  on  the  farm  of  Mr. 
Martin  Concannon,  near  Lansing,  Kansas,  in  February,  1902,  During 
the  past  summer  the  site  was  visited  by  a  number  of  geologists,  arche- 
ologists,  and  others  interested  in  the  history  and  antiquity  of  man  in 
America,  and  already  several  more  or  less  elaborate  accounts  of  the 
discovery  have  been  published  in  our  scientific  journals.  The  last  and 
by  far  the  most  critical  study  is  that  of  Prof.  T.  C.  Chamberlin,  which 
appeared  in  the  Journal  of  Geology  for  October  and  November,  1902. 
Other  papers  are  by  Prof.  S.  W.  Williston  (Science,  August  1),  Mr. 
Warren  Upham  (Science,  August  29;  also  American  Geologist,  Sep- 
tember), and  Prof.  N.  H.  Winchell  (American  Geologist,  September). 

I  had  the  good  fortune  to  accompany  Professor  Chamberlin  on  his 
first  visit  to  the  site,  and  to  meet  there  also  Prof.  R.  D.  Salisbury, 
Prof.  Samuel  Calvin,  Dr.  Erasmus  Haworth,  Dr.  George  A.  Dorsey, 
and  Mr.  M.  C.  Long.  Careful  examinations  were  made  of  the  tunnel 
and  of  the  geological  formations  in  the  vicinity,  as  well  as  of  the 
craniuni  preserved  in  the  Kansas  City  Museum,  and  it  was  found  that 
the  accounts  of  the  discovery  previously  published  were  essentially 
correct  in  every  important  particular.  The  human  remains  consist  of 
a  skull  and  a  number  of  the  larger  bones  of  an  adult  man  and  the 
lower  jaw  of  a  child  of  some  ten  years. 

Owing  to  the  diflSculty  of  studying  the  formations  in  the  tunnel, 
already  well  filled  with  farm  products  at  the  time  of  our  visit,  the  idea 
of  making  additional  excavations  was  suggested,  and  through  the  kind 
ofiSces  of  Mr.  Long  it  was  arranged  with  Mr.  Concannon  that  the 
Bureau  of  American  Ethnology  should  undertake  this  work.  Mr. 
Gerard  Fowke,  who,  under  my  supervision,  had  been  conducting 
researches  in  the  well-known  fossil  bone  beds  of  Kimmswick,  Missouri, 
was  called  in,  and  during  the  month  of  October  a  trench  was  opened 
into  the  relic-bearing  deposits  from  the  west  at  right  angles  to  the 

« Reprinted  by  permission  from  the  American  Anthropologist  (N.  S.),  vol.  4, 

October-December,  1902. 

455 


456       FOSSIL  HUMAN  REMAINS  FOUND  NEAR  LANSING,  KANSAS. 

tunnel  dug  by  the  Concannons,  exposing  the  full  depth  of  the  deposits 
for  a  horizontal  distance  of  about  40  feet.  Besides  this  the  main 
cellar  tunnel  was  carried  some  12  feet  farther,  and  a  chamber  was 
excavated  on  the  east  side  of  the  tunnel,  opposite  the  point  where  the 
remains  of  the  man  were  found.  When  this  work  was  completed 
Professor  Chamberlin  joined  me  in  a  second  visit  to  the  site,  and 
examinations  of  all  the  phenomena  were  made  under  the  most  favor- 
able conditions. 

In  the  following  brief  summary  1  rely  for  geological  interpretations 
largely  on  the  views  of  Professor  Chamberlin,  whose  mastery  of  the 
intricate  problems  of  glacial  and  post-glacial  geology  is  everywhere 
acknowledged. 

The  remains  were  found  beneath  20  feet  of  undisturbed  deposits 
forming  a  little  bench  on  which  the  Concannon  dwelling  stands.  The 
child's  jaw  was  encountered  about  60  feet  from  the  entrance  of  the 
tunnel  and  the  skull  of  the  man  10  feet  farther  in.  There  can  be  no 
doubt  of  the  correctness  of  these  observations. 

The  skull  is  well  preserved  and  corresponds  closely  in  type  with 
crania  of  the  historic  Indians  of  the  general  region.  It  presents  no 
unique  features  and  offers  no  suggestion  of  great  age  or  of  inferior 
organization.  Front  and  back  views  are  presented  in  PI.  I  and  profile 
and  top  views  in  PI.  II.  Its  characteristics  are  briefly  summarized  by 
Dr.  Dorsey  4S  follows: 

"The  specimen,  after  such  reparation  as  has  been  possible,  lacks  all 
the  bones  of  the  face  and  small  portions  of  the  occipital,  temporal,  and 
frontal  bones;  hence  no  observations  are  possible  on  the  face  or  base         , 
of  the  skull.  t 

"The  bones  are  firm,  hard,  and  comparatively  thin.  The  sutures 
are  moderately  serrated. 

'^'From  above  the  skull  is  ovoidal  in  form,  with  somewhat  bulging 
parietals  and  occiput.  The  glabella  is  only  fairlv  high;  the  supra- 
orbital ridges  near  the  glabella  are  well  marked.  The  forehead  retreat** 
Gradually  and  is  uniformly  convex.  The  vault  reaches  a  considerable 
eight  and  retreats  I'apidly  to  near  inion.  The  occipital  region  bulges 
decidedly. 

'^The  temporal  lines  are  fairly  well  marked,  but  not  pronounced, 
and  extend  slightly  above  the  middle  of  the  parietals.  The  mastoids, 
though  much  damaged,  were  evidently  not  above  medium.  The  occip- 
ital ridges,  with  the  exception  of  the  superior  one,  and  the  ordinary 
occipital  depressions  are  very  faint. 

"The  skull  is  of  an  indiviaual  probably  from  40  to  60  years  of  age, 
and,  I  am  inclined  to  believe,  that  of  a  male.  In  its  general  shape  the 
skull  bears  a  striking  resemblance  to  the  crania  of  the  Plains  Indians, 
for  example,  the  Blackfoot.     Its  measurements  are  as  follows: 

** Maximum  length 189  mm. 

"Maximmii  breadth V^  mm. 

"Cephalic  index. 73.5" 

The  only  question  likely  to  give  rise  to  serious  discussion  is  that  of 
the  age  of  the  formations  with  which  the  remains  were  associated,  and 
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to  this  point  I  shall  give  chief  attention.  The  bench  occupied  by  the 
Concannon  dwelling  is  squarish  in  outline,  having  a  horizontal  extent 
of  about  150  feet  from  east  to  west  and  perhaps  160  feet  from  north 
to  south,  and  its  highest  point  is  about  30  feet  above  the  present  flood 
plain  of  the  river  (^ee  fig.  2).  It  rests  against  the  base  of  a  limestone 
spur  of  the  river  bluflf,  on  the  south  side  of  a  little  valley  that  opens 
out  into  the  river  bottom  at  this  point.  The  upper  surface  of  the 
bench  slopes  away  at  a  low  angle  from  its  junction  with  the  limestone 
spur  (rt).  Facing  the  river  it  presents  a  steep  slope  continuous  with 
the  face  of  the  river  bluflf.  On  the  north  it  descends  abruptly  to  the 
bed  of  the  rivulet,  and  on  the  west  the  slope  is  somewhat  gentle  to  the 
small  lateral  valley  on  that  side. 


Fro.  l.~45ketch  map  of  the  Lansing  site,  indicating  recent  bencti  remnants  in  hachnres.  (a,  Con- 
cannon  dwelling  and  point  of  contact  of  limentone  river  bluff  with  recent  bench,  b.  Entrance  to 
cellar  tunnel,  c.  Inner  end  of  tunnel  where  skull  was  found,  d.  Trench  opened  by  Bureau  of 
American  Ethnology,  e-e.  Outcrop  of  limestone  in  rivulet  bed.  /,  Entrance  of  rivulet  to  Missouri 
River  flood  plain,  g.  Contact  of  limestone  spur  and  bench  remnant  on  north  side,  h-h,  Line  of 
section,  fig.  2. ) 

An  excellent  photographic  view  of  the  Concannon  trench  is  given  in 
PI.  III.  It  was  made  by  Dr.  H.  M.  Baum  from  a  point  on  the  bank 
of  the  little  stream  that  passes  out  to  the  river  bottom  at  this  point. 
The  entrance  to  the  cellar  tunnel  is  well  marked  by  the -figure  of  a 
lady  near  the  center  of  the  picture.  The  point  of  view  is  so  low 
that  the  promontory  which  rises  behind  the  terrace  does  not  appear. 
The  trench  made  by  the  Bureau  entered  the  bench  a  few  feet  beyond 
the  gate  seen  in  the  picture. 
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The  cellar  tunnel  enters  the  north  face  of  the  bench  near  the  base 
(i,  fig8.  1  and  2).  The  skull  was  found  at  c,  70  feet  from  the  entrance, 
20  feet  from  the  upper  surface  of  the  terrace,  and  about  18  inches 
above  the  floor  of  the  tunnel.  The  latei'al  trench  is  indicated  at  d  in 
both  illustrations. 

The  deposits  composing  the  bench,  so  far  as  exposed,  rest  on  the 
nearly  level  surface  of  a  stratum  of  Carboniferous  limestone  {e-e)^  and 
the  tunnel  is  dug  so  that  this  surface  forms  its  floor.  The  deposits  are 
believed  by  some  to  be  true  alluvial  loess,  derived  directly  from  the 
ice  front  in  the  valleys  above;  they  would  thus  represent  one  of  the 
Glacial  stages.  Othera  regard  them  as  consisting  of  finely  comminuted 
material  derived  from  the  loess  beds  of  the  neighboring  slopes  and  of 
other  coaraer  materials  from  the  hillsides  spread  out  in  comparatively 
recent  times  by  local  agencies  in  and  about  the  entrance  to  the  little 
valley.  The  first  of  these  views  has  been  adopted  by  Prof.  S.  W. 
Williston,  Mr.  Warren  Upham,  and  Prof.  N.  H.  Winchell;  and  the  sec- 
ond is  held  by  Prof.  T.  C.  Chamberlin,  Prof.  R.  D.  Salisbuiy ,  and  Dr. 


Fig.  2.— Section  of  the  Lansiiig  site  showing  bluflft  vid  river  beyond,  looking  south,  (a,  Concumon 
dwelling  and  point  of  contact  of  limestone  river  bluff  and  recent  bench.  6,  Entrance  to  cellar 
tunnel,  c,  Inner  .end  of  tunnel  where  skull  was  found,  d,  Trench  opened  by  Bureau  of  Ameri- 
can Ethnology,  e-e.  Outcrop  of  limestone  In  rivulet  bed.  /,  Entrance  of  rivulet  to  Missouri  River 
flood  plain.    «,  Grade  of  stream  bed.) 

Samuel  Calvin.  I  am  inclined  to  favor  this  latter  view,  not  only  because 
it  appears  to  be  sustained  by  the  geological  evidence,  but  because  it  is 
in  harmony  with  what  we  already  know  of  the  history  of  man  in 
America.  The  skull  corresponds  in  type  with  crania  of  the  historic 
occupants  of  the  region — the  Indian  tribes — which  fact  carries  with  it, 
according  to  the  view  of  some  biologists,  a  presumption  against  its 
great  antiquity;  and  again,  there  is  as  yet  no  substantial  and  unequiv- 
ocal evidence  that  men  of  any  race  existed  in  America  during  the 
Glacial  period. 

The  geological  features  of  the  site,  in  so  far  as  they  relate  to  the 
question  of  human  occupancy,  may  be  briefly  reviewed  and  their  inter- 
pretation may  be  presented  in  the  same  connection.  The  first  step  in 
the  history  of  the  site  requiring  attention  is  the  exposure  or  partial 
exposure  of  the  nearly  level  limestone  floor  on  which  the  materials  of 
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the  Concannon  bench  were  afterwards  deposited.  This  probably  took 
place  when  the  river  channel  curved  sharply  in  against  the  bluffs  at 
this  point,  permitting  the  currents  to  break  down  and  partially  remove 
the  superior  beds  of  shale  and  limestone  well  within  the  entrance  to 
the  little  valley.  When  this  active  erosion  ceased  the  limestone  sur- 
face was  strewn  with  rocky  debris  a  foot  or  two  deep,  and  in  against 
the  bluff  at  the  southern  margin  there  were  heaps  of  coarse  talus  mate- 
rial upon  which  the  two  human  bodies  were  cast  or  in  which  they  wei'e 
rudely  buried;  and  just  here  we  reach  the  point  of  divergence  of  the 
two  interpretations  with  respect  to  the  period  at  which  these  events 
occurred.  The  first  view  assumes  that  we  are  probably  dealing  with 
the  lowan  epoch  of  the  Glacial  period.  If  this  is  correct,  the  events 
following  the  deposition  of  the  bodies  would  be  about  as  follows:  Dur- 
ing this  period  the  river,  becoming  burdened  with  silt  from  the  reced- 
ing ice  front,  buried  the  bodies  and  began  to  till  up  its  channel.  Step 
by  step  the  surface  rose  until  the  immediate  valley  was  filled  and  oblit- 
erated and  the  waters  flowed  out  over  the  highest  bluffs,  depositing 
everywhere  the  mantle  of  silt  known  to  geologists  as  loess.  As  the 
ice  receded  to  the  far  north  deposition  gradually  ceased  in  this  part  of 
the  valley,  and  the  river,  step  by  step,  cut  its  way  down  again  through 
the  vast  deposits  that  filled  its  former  channel,  leaving  a  succession  of 
loess  terraces  more  or  less  well  defined  against  the  hillsides,  and  finally, 
after  many  fluctuations,  reaching  its  present  level,  which  at  extreme 
high  water  is  from  6  to  10  feet  lower  than  our  datum  level — the  lime- 
stone floor  indicated  at  e-e^  fig.  2. 

But  are  we  warranted  in  supposing  that  the  two  human  bodies 
became  associated  with  the  debris  on  the  limestone  floor  during  this 
great  epoch  in  glacial  history,  or  are  we  to  adopt  the  opposing  view 
that  at  the  end  of  this  episode,  or  long  after  its  close,  when  the  river 
had  descended  to  nearly  its  present  level,  the  floods  uncovered  the 
limestone  surface  within  the  entrance  to  the  little  valley,  and  that  at 
this  time  the  aborigines,  the  ancestors  of  our  historic  tribes,  left  their 
dead  among  the  heaps  of  debris? 

The  latter  view  assumes  that  the  river  probably  had  little  to  do, 
directly,  with  depositing  the  materials  that  buried  the  human  bodies 
and  now  form  the  Concannon  bench;  that  after  clearing  the  limestone 
floor  the  current  probably  followed  its  habit  of  rapid  change  and 
shifted  for  a  time  to  the  eastern  side  of  the  broad  flood-plain,  leaving 
other  agencies  to  control  the  destinies  of  the  little  valley  now  occu- 
pied by  the  Concannon  farm.  Naturally,  the  deposits  of  the  bench 
have  been  examined  with  minutest  care  with  the  view  of  determining 
the  story  of  their  accumulation.  If  laid  down  in  water  they  should 
show  decided  evidence  of  assortment  and  bedding;  if  the  result  of 
redistribution  of  loess  and  other  local  materials  through  surface 
agencies,  the  deposits  would  present  little  evidence  of  assortment  and 
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no  evidence  of  systematic  stratification.  Throughout  the  entire  depth 
of  these  formations,  as  exposed  in  the  tunnel  and  in  the  trench,  there 
appears  to  be  but  one  feature  that  can  be  construed  as  giving  decided 
support  to  the  view  which  favors  fluvial  origin.  A  thin  seam  of  clay 
appears  in  the  west  wall  of  the  tunnel,  some  3  feet  above  the  lime- 
stone floor,  and  extends  from  the  entrance  far  back  toward  the  south, 
rising  at  a  low  angle.  The  earlier  examinations  of  this  deposit  led  to 
the  conclusion  that  the  lower  part,  at  least,  of  the  formation  had  been 
laid  down  by  the  river,  but  subsequent  investigations  show  that  the 
layer  is  not  continuous,  that  it  is  not  found  in  the  east  wall  of  the  tun- 
nel opposite  its  appearance  on  the  west  side,  and  that  it  pinches  out 
quickly  to  the  west,  no  trace  of  it  having  been  discovered  in  the  walls 
of  the  great  trench  dug  by  the  Bureau.  It  is  just  such  a  layer  of 
water-laid  clay  as  would  accumulate  in  the  bed  of  a  sluggish  stream 
running  with  the  trend  of  the  tunnel  at  this  point,  or  through  the 
presence  of  a  small  oblong  pool  of  water  left  during  a  season  of  flood 
before  the  river  finally  deserted  this  l^Vel. 

The  deposit  is  composed  for  the  rdost  part  of  lo'ess  like  silt,  through 
which,  at  all  levels.,  are  scattered  fragments  of  limestone  and  shale, 
the  whole  presenting  much  variety  of  composition  and  irregularity  of 
accumulation;  hence  it  is  suimised  that  the  history  of  its  deposition 
may  be  somewhat  as  follows:  When  at  a  period  indefinitely  later  than 
the  close  of  the  lowan  epoch,  and  possibly  much  later  than  even  the 
close  of  the  Glacial  period,  the  river  retreated  from  the  west  side  of 
the  valley,  leaving  the  limestone  floor  at  the  entrance  to  the  little 
valley  freshly  exposed,  the  steep  slopes  of  the  valley,  half  a  square 
mile  in  area,  were  mantled  with  loess  deposits,  and  these,  with  coarser 
materials  from  the  general  surface,  were  carried  down  by  creep  and 
wash  to  the  gateway  of  the  little  valle}'^,  where,  since  active  erosion 
by  the  river  had  ceased,  they  accumulated,  burying  the  exposed  rock 
surface  and  the  human  remains  to  a  depth  of  20  feet  or  more  and 
spreading  out  in  a  fan-shaped  delta  on  the  river  flood-plain  about  the 
mouth  of  the  valley.  The  narrow  entrance  to  the  valley  probably 
favored  accumulation,  and  the  weak  intermittent  rivulet  must  have 
been  quite  incapable  of  clearing  the  way  and  carrying  the  accumulated 
material  far  out  over  the  plain  to  the  river  channel.  At  any  rate  it 
seems  altogether  reasonable  to  suppose  that  20  feet  or  more  in  depth 
of  this  material  could  have  been  deposited  within  and  about  the 
entrance  to  the  little  valley.  The  amount  of  accumulation  would  be 
limited  only  by  the  length  of  time  that  the  river  channel  remained  far 
away  to  the  east  and  by  the  supply  of  easily  eroded  material.  It  ii?» 
readily  understood,  however,  that  between  the  period  of  the  burial  of 
the  human  bodies  and  the  present  time  the  river  may  have  returned 
once  or  several  times  toward  the  west  bluff,  permitting  active  work  in 
undermining  and  cutting  down  the  limestone  face.     That  it  did  return 
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is  strongly  suggested  by  the  apparent  recentness  of  the  cutting  and 
the  fact  that  the  Concannon  bench,  the  surface  of  which  was  at  one 
time  continuous  with  the  flood-plain  surface,  is  truncated  on  the  face 
uniformly  with  the  main  bluff.  This  return  of  the  channel  to  the 
west  side  would  give  the  little  stream  the  opportunity  of  lowering  its 
^annel  to  the  present  perfect  adjustment  with  the  river,  and  especially 
so  since,  as  the  centuries  passed,  the  loess  deposits  had  been  largely 
removed  from  the  slopes  of  the  valley  above  and  rapid  accumulation 
about  its  mouth  by  creep  and  wash  had  necessarily  ceased. 

The  preferred  interpretation  of  the  phenomena,  then,  is  that  the 
relic-bearing  deposits  of  the  Concannon  bench  were  not  laid  down  in 
Glacial  times  by  the  silt-charged  waters  of  the  Missouri,  but  that  they 
are  a  remnant  of  delta-like  accimiulations  formed  in  comparatively 
recent  times  within  and  about  the  mouth  of  the  tributary  valley  by 
local  subaerial  agencies,  all  save  the  more  protected  portions  having 
been  removed  by  late  encroachments  of  the  ever-changing  river. 

The  time  involved  would  not  ^e  that  required  by  the  Missouri  to 
lower  its  flood  plain  from  the  upper  level  of  |;he  bench  to  the  present 
high-water  mark,  a  descent  of  30  or  35  feet,  but  the  period  required 
to  depress  the  flood  plain  from  a  little  above  the  surface  of  the  lime- 
stone floor  on  which  the  bodies  rested  to  its  present  level,  a  descent  of 
from  5  to  10  feet.  The  measure  of  this  amount  of  erosion  in  years  is 
the  measure  of  the  age  of  the  Lansing  man;  this  may  be  thousands  of 
years,  but  at  most  it  can  be  but  a  fraction  of  the  time  required  by  the 
other  view,  for,  according  to  that  view,  the  river,  after  burying  the 
human  bodies,  filled  its  channel  with  glacial  deposits  until  it  over- 
flowed the  highest  bluffs,  and  then  descended  again  to  the  present 
level.  The  time  required  to  fill  up  the  vallej^  3  or  more  miles  in 
width  and  nearly  200  feet  in  depth,  and  then  to  cut  this  filling  all  out 
again  can  never  be  determined,  since  chronologic  criteria  are  largely 
wanting;  but  it  might  well  reach  ten,  twenty,  or  even  thirty  thousand 
years.  On  the  other  band,  the  time  required  by  the  river  to  lower  its  • 
bed  5  or  10  feet  might  possibly  be  expressed  in  hundreds  rather  than  in 
thousands  of  years.  It  may  be  of  importance  to  note,  however,  that 
even  this  amount  of  lowering  need  not  be  assumed  in  accounting  for 
the  facts.  The  high-water  mark  to-day  along  the  Concannon  bluff, 
with  the  river  a  mile  or  two  away  across  a  wooded  plain,  might  well 
be  several  feet  lower  than  the  highest  level  reached  by  a  strong  cur- 
rent driven  directly  or  even  obliquely  against  the  bluff. 

The  anthrofologist  may  readily  find  other  than  purely  geological 
criteria  to  aid  him  in  reaching  his  conclusions.  It  is  a  part  of  our 
common  knowledge  that  men  have  occupied  the  American  continent 
for  a  long  period,  but  that  they  occupied  it  during  the  Glacial  epoch, 
or  even  at  the  period  when  the  Glacial  front  finally  receded  northward, 
i»  not  demonstrated.     Besides,  as  already  mentioned,  the  cmnium  is 
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well  preserved  and  fresh  looking,  and  is  nearly  identical  with  crania 
of  our  historic  tribes.  Now  when,  as  in  the  present  case,  two  some- 
what equally  supported  interpretations  of  the  geological  phenomena 
are  possible — the  one  making  it  appear  that  remains  of  men  occur  in 
formations  where  they  could  reasonably  be  expected,  and  the  other 
carrying  human  occupancy  back  ten  thousand  or  twenty  thou£«and 
years — the  anthropologist  may  consistently  accept,  tentatively  at  least, 
the  first  of  these  interpretations,  and  the  non-professional  student  of 
the  subject  may  find  it  wise  to  at  least  withhold  his  full  acceptance  of 
either  view  until  those  geologists  best  qualified  to  discuss  the  special 
problems  involved  shall  have  reached  practical  unanimity. 

As  a  result  of  my  own  observations  at  Lansing,  and  considering  also 
the  conclusions  reached  by  Professor  Chamberlin  and  his  associates,  I 
find  it  difficult  to  come  to  any  other  conclusion  than  that  the  human 
remains  under  consideration  are  properly  classed  as  of  Post-Glacial  age, 
interpreting  that  term  to  cover  all  time  subsequent  to  the  final  retreat 
of  the  ice  from  the  region  south  of  the  Great  Lakes. 

The  Lansing  skull,  illust;*ated  in  Plates  I-II,  belongs  to  Mr.  M.  C. 
Long,  curator  of  the*  Kansas  City  Museum.  It  has  been  carefully 
repaired  under  the  direction  of  Dr.  George  A.  Dorsey,  and  is  now 
deposited  in  the  United  States  National  Museum. 


THE  WILD  TRIBES  OF  THE  MALAY  PENINSULA." 


By  W.  W.  Skeat,  M.  A.* 


In  addition  to  the  civilized  brown-skinned  Muhammadan  Malays, 
who  are  a  distant  offshoot  of  the  Mongolian  stock,  there  are  at  least 
three  groups  of  savage  and  heathen  tribes  in  the  Malay  Peninsula, 
which  may  be  roughly  distinguished  as  follows,  according  to  the  char- 
acter of  their  hair: 

1..  Woolly-haired  Negrito  tribes,  called  Semang. 

2.  Wavy-haired  tribes,  called  Sakai. 

3.  Straight-haired  tribes,  called  Jakun/ 

Of  these,  the  Negritos  (Semang)  are  found  in  northern  Perak, 
Kedah,  K^lantan,  Trengganu,  and  the  northern  districts  of  Pahang 
(PI.  1, 1);  the  Sakai  in  southern  Perak,  Selangor,  and  Pahang  (PI.  I,  2), 
and  the  Jakuns  (mixed  with  other  tribes)  in  all  districts  south  of  the 
States  mentioned  down  to  Johor  and  Singapore,  and  also,  generally 
speaking,  along  the  coasts  (PI.  I,  3). 

The  first  of  these  groups — the  Semang — is  a  fairly  pure  branch  of 
the  Negrito  race,  which  includes  the  natives  of  the  Andaman  Inlands, 
in  the  Bay  of  Bengal;  the  Negritos,  of  the  Philippine  Islands,  in  the 
China  Sea,  north  of  Borneo,  and  the  Semang,  of  Malaya. 

A  curious  point  about  this  group  is  that  it  still  remains  a  moot  ques- 
tion— as  our  most  recent  authorities  declare — whether  any  Negritos 
occur  in  Borneo,  which  would  naturally  be  the  connecting  link  between 
the  Malay  Peninsula  and  the  Philippines. 

Some  day  it  may  be  possible  to  answer  this  question,  but  meanwhile 
it  is  no  less  difficult  to  say  who  the  Negritos  really  are.  They  seem  to 
have  received  their  name  from  the  Spaniards,  who  regarded  them  as  a 
sort  of  dwarf  negro  race,  although  they  have  nothing  in  common  with 
the  true  Negroes  but  their  woolly  hair  and  black  skin.     The  old  idea 

a  Reprinted,  by  permission  of  the  author  and  publisher,  from  Journal  of  the 
Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  XXXII,  January-June, 
1902,  pp.  124-138. 

^Presented  to  the  Institute  February  11,  1902. 

^^This  classification  is  practically  based  upon  that  of  Prof.  Rqdolf  Martin,  of  Zurich, 

who  for  some  years  past  has  been  preparing  an  important  monograph  on  the  very 

difficult  anthropology  of  these  tribes.    It  differs  solely  in  the  isolation  of  the  third 

(Jakun)   type,  which  is  included  in  Martin's  third  group  under  the  heading  of 

"Mixed  tribes.'' 
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seems  to  have  been  that  they  were  the  offspring  of  African  negroes  who 
had  escaped  from  slave  dhows  which  had  been  wrecked  in  the  Eastern 
Archipelago;  indeed,  I  have  heard  of  one  widely  recognized  authorit}^ 
who  maintained  that  the  Negritos  were  the  descendants  of  African 
slaves  iDrought  over  bj'^  Alexander  the  Great  when  he  visited  India. 

Nowadays,  however,  anthropology  takes  a  more  sober  view  of  racial 
relationships,  and  it  is  pretty  generally  acknowledged  that  the  Negritos 
are  not  Negroes,  nor  even  a  branch  of  the  Melanesian  or  Papuan  race, 
as  others  have  held,  although,  if  there  is  to  be  guessing,  the  hypothe- 
sis that  would  appear  to  have  the  most  likelihood  of  being  some  day 
substantiated  is  the  brilliant  suggestion  of  Sir  William  Flower,  who 
thought  that  the  Negritos  might  possibly  represent  an  infantile  type 
of  a  woolly -haired  ■  race,  of  which  the  Negro  on  the  one  hand  and  the 
Papuan  on  the  other  were  highly  specialized  derivatives.  Even  this, 
however,  as  I  have  said,  is  but  guesswork,  and  for  our  present  pur- 
poses we  must  be  cx)ntent  to  regard  the  Negro,  the  Negrito,  and  the 
Papuan  as  the  representatives  of  three  very  ditferent  and  separate 
racial  types. 

It  may  perhaps  be  of  interest  to  add  that  for  many  j'^ears,  perhaps 
on  account  of  the  tree-dwelling  habits  of  some  of  these  tribes,  it  was 
hoped  that  the  Semang  might  possess  some  ape-like  attributes. 
Though  these  expectations  have  been  shattered,  and  the  Semang  can 
not  henceforth  be  regaixied  as  possessing  an  abnormally  pithecoid 
character,  he  still  retains  the  interest  which  attaches  to  him  as  a  rep- 
resentative of  one  of  the  wildest  races  of  mankind  now  extant. 

The  second  type  of  which  these  races  are  composed  is  represented 
by  the  Sakai  tribes,  who  oflfer,  if  possible,  a  yet  more  difficult  problem. 
An  attempt  has  recently  been  made  to  identify  them,  mainly,  it  seems, 
on  the  strength  of  linguistic  evidence,  with  what  is  called  the  Mon- 
Annam  group  of  races,  i.  e.,  with  the  tribes  who  possessed  till  about 
six  hundred  years  ago  the  country  which  is  now  Siani,  and  some  of 
whom  still  occupy  Pegu  and  Camboja. 

Linguistic  evidence  has,  however,  repeatedly  proved  a  blind  guide 
in  the  elucidation  of  racial  problems,  and  I  do  not  think  we  can  depend 
upon  it  in  the  present  case.  Racial  ciassitications  must  be  based  on 
racial  facts,  and  in  the  present  case  we  have  the  more  credable 
alternative  suggested  by  Professor  Virchow  for  what  appears  to  be  a 
very  different  grouping. 

Virchow's  theory  is  simply  that  the  Sakai  may  quite  possibly  belong 
to  what  he  calls  the  Dravido-Australian  race,  the  chief  repi-esentatives 
of  which  are  the  Veddas  or  wild  tribes  of  Ceylon,  the  civilized  Tamils 
of  southern  India,  the  Australian  black  fellows,  and  the  Sakai  of  the 
M«Jav  Peninsula. 

In  the  essential  characters  of  the  hair  and  head,  there  is  certainly  a 
remarkable  agreement,  and  the  only  great  difficulty  al)out  this  group- 
ing seems  to  arise  from  the  color  of  the  skin,  which  aniong  the  Sakais 
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often  approaches  a  light  shade  of  yellowish-brown,  whereas  among 
the  Tamils  black  skins  commonly  occur.  Professor  Virchow  meets 
this  difficulty  by  pointing  out  that  the  Sinhalese,  of  Geylon,  although 
admittedly  Aryans,  are  frequently,  so  dark  in-  color,  as  to  be  called 
quite  black. 

This  point  let  authorities  decide;  all  that  can  be  said  at  present  is 
that  it  appears  an  eminently  sane  and  arguable  hypothesis;  and  that 
it  seems  to  have  already  found  some  acceptance.  If  it  is  correct,  we 
may  perhaps  suppose  that  these  aboriginal  Dravidians  once  extended 
far  north  into  Indo-China  and  there  acquired  the  dialects  of  the  local 
(Mon-Annam)  tribes,  an  idea  about  which  there  is  at  least  nothing 
fantastic. 

The  third  racial  group. to  which  I  have  referred  consists  of  the 
Jakuns,  an  aboriginal  i-ace  closely  related  to  the  Malay,  and  which,  in 
its  pure  type,  possesses  markedly  Mongolian  features.  They  belong 
to  what  the  Germans  would  call  the  ''Ur-Malay"  race,  but  which  we, 
in  the  absence  of  any  such  convenient  prefix,  are  constrained  to  call 
by  some  such  clumsy  substitute  as  Prse-Malay  or  Proto -Malay — the 
''savage  Malays"  of  Alfred  Russell  Wallace.  The  simplest  name  to 
give  them  is  perhaps  "Malayan." 

This  *' savage  Malay"  or  Jakuil  race,  or  whatever  we  prefer  to  call 
it,  is  divided  into  two  main  groups,  (1)  the  Jakuns  of  the  Jungle,  or 
Hill  Jakuns,  and  (2)  the  Jakuns  of  the  Sea,  or  Orang  Laut.  The  lat- 
ter set  of  tribes  now  consist  of  the  broken  remnants  of  the  Pirates  or 
Sea-gypsies  of  the  Straits  of  Malacca,  who  for  so  many  years  were 
the  scourge  and  terror  of  those  far  eastern  seas. 

From  what  1  have  said  it  will,  I  think,  be  evident  how  important 
are  the  issues  which  may  depend  for  solution  upon  our  proper  study 
of  these  tribes.  Before  closing  these  notes  on  the  general  relation-, 
ship  between  these  three  races  and  their  neighbors,  1  will  therefore 
give  a  few  more  details  concerning  each  of  the  several  types  described. 

The  physical  contrast  between  all  three  races  is  most  fortunately 
sharply  drawn. 

The  men  of  the  first-mentioned  race  (Semang  or  Negritos)  are  about 
4  feet  9  or  10  inches  in  height,  their,  women  being  about  3i  inches 
^shorter.  The  color  of  their  skin  is  very  dark  brown  or  black.  Among 
the  purest-bred  Semangs  1  have  seen  it  a  glossy  jet  black,  not  unlike 
the  color  ascribed  to  the  Andamanese,  vjz,  that  of  a  newly  black* 
leaded  stove.  The  shape  of  the  head  is  mesaticephalic  and  brachy? 
cephalic  (i.  e.,  either  rounded  or  intermediate  between  the* loi>g and 
round  types).  The  forehead  is  low  and  rounded  and  projects  ovor 
the  root  of  tiie  nose,  which  is  shoii;  and  depressed  and  pyj'amid  shaped. 
The  eyes  are  round  and  wide  open  and  show  no  trace  of  obljqiHM%the 
iris  being  of  a  very  rich  deep-brown  color.  The  lips  vary  from  mod- 
erate to  full,  the  mouth  is  rather  large,  the  chin  but  feelSly  defrtiJoped^ 
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and  a  side  view  of  the  face  sometimes  shows  some  prognathism  or 
projection  of  the  lower  part  of  the  facial  area. 

The  hair  is  of  a  very  dark  brownish  black  (never  blue  black,  as 
among  Chinese  and  Malays).  It  grows  in  short  spiral  tufts,  curling 
closely  all  over  the  scalp,  if  not  shaved  off,  as  it  very  frequently  is. 

The  height  of  the  Sakai  does  not  materially  differ  from  that  of  the 
Semang,"  but  the  color  of  the  skin  is  very  much  lighter  than  that  of 
the  Negritos,  and  sometimes  shows  a  reddish  tinge  about  the  breast 
and  extremities.  The  head  is  dolichocephalic,  or  long  shaped.  The 
face  is  inclined  to  be  long,  and  would  be  hatchet  shaped  but  for  the 
breadth  of  the  cheek  bones,  which  help  to  give  it  rather  an  elliptical 
outline.  The  chin  is  commonly  long  and  pointed;  the  forehead  rather 
high  and  flat,  but  brows  often  beetling,  the  notch  above  the  nose  being 
very  deep;  the  nose  small,  often  slightly  tilted  or  rounded  off  at  the 
tip,  but  at  the  same  time  broad  and  with  very  deep-set  nostrils.  The 
beard  usually  consists  of  a  few  long  and  frizzly  chin  hairs,  remarkably 
like  that  of  the  Veddas  of  Ceylon,  but  in  some  cases  it  certainly  grows 
long  and  bushy. 

The  third  class  (the  savage  Malays  or  Jakuns)  is  hard  to  identify,  as 
it  has  received  a  large  admixture  of  Semang  and  Sakai  blood.  Never- 
theless, the  pure  t3^pe  is,  1  think,  recognizable  and  will  be  found  to 
differ  widely  from  both  of  the  two  types  already  mentioned. 

They  (the  Jakuns)  are  a  little  taller  than  the  Sakais  or  Semangs. 
Their  head  is  brachycephalic  or  rounded,  their  skin  olive  brown  to 
dark  copper.  Their  face  has  a  flattened  appearance,  and  their  lower 
jaw  is  inclined  to  be  square.  Their  nose  is  somewhat  stumpy — i.  e., 
thick  and  short—  but  with  wide-open  nostrils.  Their  cheek  bones  are 
high  and  well  marked,  like  those  of  the  Malays  and  Chinese.  Their 
eyes  are  black  and  of  moderate  size.  Their  mouth  is  large  and  broad. 
Their  hair  straight  or  lank,  and  with  a  bluish-black  tinge  to  it,  not 
unlike  that  of  the  Malays  themselves.     Their  beard  is  scanty. 

In  addition  to  the  foregoing  three  main  types  we  have  perhaps 
naturally,  in  spite  of  their  antagonistic  elements,  a  good  many  instances 
of  mixed  tribes,  most  of  which  can,  if  the  purest  types  be  taken  as 
standards,  be  resolved  with  a  fair  amount  of  certainty  into  their 
original  ingredients. 

There  are  many  physiological  points  about  all  these  tribes  which 
would  be  of  great  interest  if  1  h§i^  time  to  go  into  them.  Their  arm 
stretch,  for  instance,  is  almost  always  greater,  sometimes  much  greater, 
than  their  height.  Their  feet  are  unusually  short  and  stumpy  and 
splayed,  with  a  remarkable  inward  curve  of  the  great  toe,  the  prehen- 
sile character  of  which  enables  them,  when  spoiled  by  domestication,  to 
become  veiy  clever  at  stealing.     1  have  seen  Semangs  run  up  trees  by 

oFor  the  information  about  the  Sakais  (as  well  as  for  the  type  photograph)  I  am 
very  deeply  indebted  to  my  iriend  Budolf  JVIartin. 
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placing  the  flat  of  the  foot  against  the  trunk  and  putting  their  arms  a 
good  way  around  it.  The  eyesight  of  the  Sakais,  as  tested  with  the 
army  tests,  though  not  abnormal,  is  distinctly  good  and  seems  to  com- 
pare very  favorably  with  our  own.  The  Jakun  power  of  scent  is 
exceptionally  keen,  and  I  was  frequently  astonished  at  the  great  dis- 
tance at  which  they  would  notice  the  smoke  of  a  camp  lire  in  the 
jungle  many  minutes  before  I  could  detect  the  least  trace  of  smoke 
myself.  Their  walk  is  very  peculiar,  the  foot  being  lifted  very  high, 
almost  as  in  ilancing,  and  by  this,  and  a  certain  restless  expression 
about  the  eyes,  even  those  Jakuns  whose  features  are  most  like  those 
of  the  Malays,  can  be  immediately  distinguished  when  they  are  met 
crossing  open  country. 

The  food  of  these  jungle  tribes — their  first  and  most  vital  considera- 
tion— consists  mainly  of  vegetable  products,  such  as  the  roots  and  fruits 
which  they  dig  up  in  the  jungle,  as  well  as  (among  tribes  who  have 
reached  the  first  stage  of  agiiculture)  of  the  product  of  light  crops, 
such  as  yams,  sweet  potatoes,  maize,  sugar  cane,  and  bananas,  and,  at 
a  later  stage,  of  rice.  Meat  food,  consisting  of  game  brought  down  by 
the  blowgun  or  the  bow,  is  also  largely  employed  for  food,  but  this  is 
mainly  among  the  Semangs,  some  tribes  of  Sakais  neglecting  to  go  in 
pursuit  of  game  until  their  supply  of  vegetable  food  is  beginning  to 
run  out,  though  even  among  a  good  many  Sakai  tribes  both  hunting 
and  trapping  are  energetically  carried  on.  Some  of  the  yams  eaten 
are  poisonous  and  require  careful  preparation  to  render  them  fit  for 
human  consumption;  some  kinds  are  buried  for  days  together  in  a  bag 
in  the  swamps  of  the  jungle  (or  in  nmning  water),  when  they  are  dug 
up  and  have  the  juice  squeezed  out  of  them  with  a  lever  before  being 
cooked  and  eaten;  other  kinds  are  grated  on  an  ingenious  natural  grater 
made  of  the  young  growing  shoot  of  a  highly  prickly  rattan  or  calamus, 
the  grated  mass  being  kneaded  with  a  spatula  upon  a  banana  leaf  and 
mixed  with  slaked  lime  in  order  to  destroy-  its  poisonoas  properties, 
when  it  is  wrapped  up  in  a  strip  of  green  Ijanana  leaf,  inserted  in  a 
split  stick,  and  roasted  over  the  fire.  At  meals  the  Semang  men, 
from  the  oldest  to  the  youngest,  all  feed  together  })efore  the  females, 
the  latter,  who  have  done  the  cooking,  looking  on  with  hungry  eyes 
until  their  lords  and  masters  have  finished  their  repast. 

In  the  matter  of  animal  food  both  Sakais  and  Semangs  eat  every- 
thing that  comes  in  their  way — ii'onkeys,  deer,  wild  pig,  birds,  fish, 
porcupines,  lizards,  squirrels,  rats,' and  mice:  not  even  snakes  are 
excepted  from  the  menu,  which,  it  will  thus  be  seen,  is  a  sufliriently 
varied  one. 

In  hunting  and  trapping,  which  are  employed  solely  for  food  pur- 
poses, these  tribes  are,  as  might  be  expected,  exceedingly  expert. 
They  have  a  marvelous  knowledge  of  the  jungle  and  it**  inhabitants, 
and  seem  to  have  an  instinctive  knowledge  of  the  presence  of  animals. 
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being  able,  when  no  one  else  can,  to  tell  the  exact  whereabouts  of  a 
bird  or  animal  moving  a  great  way  off  in  the  forest.  Their  sight,  as 
I  have  said,  is  naturally  good,  and  through  training  becomes  wonder- 
fully quick.  The  same  is  true  of  their  hearing,  and,  as  they  are 
believed  to  be  able  to  track  snakes  by  their  smell,  it  is  evident  that  that 
faculty  is  in  no  way  inferior.  They  know  their  way  about  the  jungle 
better  than  anyone,  and  their  intimate  knowledge  of  the  life  history 
of  the  jungle  beasts  is  turned  to  account  in  the  methods  by  which  they 
hunt  and  trap  their  game. 

HUNTING   AND  TRAPPING. 

The  chief  weapon  of  the  Semang  (as  among  Negrito  tribes  else 
where)  is  the  bow,  which  closely  resembles  that  used  in  the  Little 
Andamans,^  and  with  which  poisoned  arrows  are  used.  That  of  the 
Sakai  and  Jakun  is  the  blowgun  or  blowpipe.  This  latter  is  com- 
monly a  long  slender  tube,  often  6  or  8  feet  long,  composed  (when- 
ever so  long  a  piece  is  obtainable)  of  a  single  joint  or  internode  of  an 
exceedingly  rare  species  of  bamboo,  which  is  found  in  the  peninsula 
on  two  or  three  high  mountains  only,  and  which  is  called  Bambusa 
Wrayi.*  This  tube  is  protected  and  strengthened  by  being  inserted 
in  a  similar  bamboo  tube  or  case  of  slightly  larger  caliber.  The  dai*ts 
are  made  of  fine  slivers  obtained  from  the  midrib  of  the  leaf  of  certain 
kinds  of  palm.  They  are  about  the  size  and  thickness  of  a  steel  knit- 
ting needle,  and  are  furnished  at  one  end  with  a  small,  conical  butt 
which  is  made  to  fit  (rather  loosely)  the  bore  of  the  inner  tube  or 
blowpipe.  The  point  is  about  an  inch  or  more  long  and  as  sharp  as  a 
needle,  and  just  above  it  a  nick  is  cut  in  the  shaft  of  the  dart,  which 
causes  the  point  to  break  off  in  the  wound  when  the  quarry  attempts 
to  escape  through  the  tangled  undergrowth.  The  point  is,  moreover, 
thickly  coated  with  poison  compounded  from  some  of  the  most  deadly 
poisons  known,  among  which  are  the  sap  of  the  well-known  Upas  tree 
{Afitiaris  toxicaria)  and  the  sap  of  a  shrub  called  Ipoh  Akar,  which  is 
a  species  of  Strychnos. 

The  blowpipe  is  a  breechloader,  the  dart  being  inserted  in  the  ori- 
fice, with  a  light  wad  of  a  fluffy  substance  obtained  from  the  leaf 
bases  of  a  palm  {caryota)  packed  behind  the  butt  end  for  the  preven- 
tion of  "windage."  It  is  shot  by  taking  part  Or  the  whole  of  the 
mouthpiece  into  the  mouth  and  sharply  expelling  the  air  from  the 
lungs.  The  dart  thus  poisoned  and  ready  to  break  off  in  the  wound 
may  in  fact  be  not  inaptly  compared  to  the  sting  of  a  bee,  from  which 
it  may  quite  possibly,  to  some  extent,  have  been  copied. 

«E.  H.  Man,  The  Andaman  Islanders. 

&A  very  much  rarer  kind  is  the  wcKxIen  >)lowgim  of  Kuantan,  which  is  made  by 
lashmg  together  throughout  their  entire  length  two  half  cyUnders  of  woo<I.  One  of 
these  latter,  measuring  5  feet  2  inches  in  length,  has  recently  been  presented  to  the 
Bntish  Museum  by  Mr.  F.  W.  Douglas,  of  the  F.  M.  S.  service. 
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Even  the  blowpipe  itself  is  not  without  its  natural  prototype  in  the 
Malay  Peninsula,  in  the  rivers  of  which  there  lives  a  small  fish  called 
Toxotes  j(tculat(yi\  which  I  have  myself  seen  shoot  a  fl\'  off  a  leaf  sev- 
eral inches  above  the  surface  of  the  river  by  means  of  a  small  drop  of 
water  forcibly  expelled  from  its  mouth. 

By  the  Sakais  each  of  the  darts  is  carried  in  a  separate  reed,  about 
30  to  50  of  these  reeds  bein^  lashed  together,  rolled  up  into  a  bundle, 
and  fitted  into  an  ornate  bamboo  quiver.  The  butt  ends  of  the  darts 
are  frequently  marked  to  distinguish  the  strength  of  the  poison. 

The  Semang  quiver  contains  fewer  darts  than  that  of  the  Sakai,  and 
is  without  reed  bundle,  cap,  or  rings;  in  fact,  it  is  a  mere  internode  or 
joint  of  bamboo  which  is  only  remarkable  for  the  beauty  of  the 
designs  with  which  it  is  decorated.  Various  compounds  of  the  two 
main  poisons  to  which  I  have  referred  are  used  by  the  wild  tribes,  the 
ingredients  varying  according  to  the  fancy  of  the  maker.  Thus, 
venom  from  the  fangs  of  serpents,  centipedes,  scorpions'  stings,  etc., 
is  frequently  added,  though  it  is  in  no  way  really  required.  Fur- 
nished with  these  darts,  both  Sakais  and  Semangs  regularly  bring 
down  their  quaiTy  at  short  distances  up  to  about  f30  paces,  and  have 
even  been  known  to  kill  birds  and  monkeys  on  high  trees  at  a  dis- 
tance of  60  yards.  The  method  of  collecting  and  applying  the  coat  of 
poison  to  the  dart  point  in  its  simplest  form  is  as  follows:  The  bark 
of  the  tree  (when  the  tree  poison  is  used)  is  slashed  with  a  jungle 
knife  in  the  shape  of  a  big  V.  The  poisonous  sap,  which  immediately 
collects  at  the  apex  of  the  V,  is  then  drawn  off  into  a  bamboo  vessel 
and  carried  home,  where  it  is  either,  when  small  quantities  are  used, 
as  among  the  Semangs  of  Kedah,  merely  heated  and  applied  to  the 
dart  points  or  prepared  by  boiling  until  a  suflScient  consistenc}^  is 
obtained.  In  the  former  case  it  is  poured  out  into  a  bamboo  tray  and 
applied  to  a  broad  wooden  spatula,  which  is  heated  over  a  fire  until 
it  begins  to  dry,  when  the  point  of  the  dart  is  rolled  upon  the  spatula, 
the  dart  being  then  deposited  against  a  fallen  tree  trunk  to  dry  in  the 
sun  in  a  safe  place.  Among  some  Sakai  and  Jakun  tribes  an  elaborate 
kind  of  drying  mck  is  used,  which  prevents  the  darts,  which  are  very 
light,  from  being  carried  away  in  a  high  wind  while  drying. 

HABITATIONS. 

The  most  primitive  forms  of  dwelling  employed  by  the  wild  tribes 
are  rock  shelters  (sometimes  caves,  but  more  commonly  natai*al  shel- 
ters under  overhanging  rocks)  and  leaf  shelters,  which  are  sometimes 
formed  on  the  ground,  sometimes  between  the  branches  of  trees.  The 
simplest  form  of  these  leaf  shelters  consists  of  a  single  big  palm  leaf, 
which  is  planted  in  the  ground  to  afford  the  wanderer  some  slight 
shelter  for  a  single  night.  The  more  elaborate  leaf  shelters,  used 
especially  by  Semangs,  sometimes  take  the  form  of  a  rude  lean-to. 
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consisting  of  three  or  four  uprights  planted  in  the  ground  at  an  angle 
of  about  60^  to  70^,  with  palm  leaves  or  branches  lashed  horizontally 
across  them.  Other  kinds  consist  of  palm  leaves  planted  in  the 
ground  in  the  form  of  a  semicircle  or  circle,  the  leaves,  which  are 
frequently  about  6  feet  long,  drooping  over  toward  the  center,  and 
thus  forming  a  shelter  of  the  circular  or  beehive  type.  The  most 
developed  form  is  a  long  communal  leaf  shelter  in  which  all  the  mem- 
bers of  the  tribe  reside. 

The  Malayizing  tribes  who  come  more  into  contact  with  civilization 
insensibly  adopt  the  Malay  type  of  hut,  but  even  here  some  striking 
departures  from  the  normal  Malay  type  are  to  be  seen,  e.  g.,  in  the 
low  or  almost  totally  absent  side  walls  and  in  the  projection  of  one 
side  of  the  gable  over  the  other,  so  as  to  allow  the  roof  to  remain 
open  at  the  top.  These  huts  are  genei'ally  barricaded  with  fallen 
trees. 

The  tree  huts  or  "human  bird  nests,"  as  they  have  been  called,  are 
built  at  a  height  of  from  20  to  30  feet  from  the  ground,  chiefly  as  a 
means  of  escape  from  wild  elephants. 

ARTS   AND   CRAFTS. 

The  craftsmanship  of  these  wild  tribes,  though  extremely  primitive, 
is  excellent  of  its  kind,  and  shows  that  thc}'^  by  no  means  lack  inge- 
nuity. 

The  manufacture  of  the  blowpipe,  its  darts  and  quiver,  as  alreadj' 
described,  forms  an  important  industry  of  both  Semang  and  Sakai. 
The  tree-bark  cloth  of  the  wilder  tribes  is  made  by  hammering  (with 
a  wooden  mallet)  the  bark  of  a  big  jungle  tree  called  Terap  {Artocarpiuf  ' 
Kitnatleri^  a  species  of  wild  breadfruit  tree),  the  outer  surface  of  which 
is  first  removed  by  scraping  it  with  a  knife.  The  mallet  is  frequently 
improved  by  transverse  grooves  or  teeth,  which  assist  in  the  separa- 
tion of  the  fibers. 

A  not  less  interesting  type  of  cloth  is  manufactured  from  the  cuticle 
of  the  Upas  tree  {Antiaris)  itself,  a  tree  which  belongs,  I  believe,  to 
the  same  order  as  the  Artocarpus.  In  this  case  a  young  sapling  (of 
the  Upas  tree)  is  felled  and  a  ring  cut  round  the  bark  a  few  feet  from 
the  base.  The  bark  is  then  scraped  and  pounded  in  situ  with  a 
rounded  wooden  mallet  or  club  for  a  space  of  about  a  foot  below  the 
incision.  The  pounded  part  is  then  pulled  away  from  the  stem,  sep- 
arating at  the  point  where  the  bark  meets  the  wood,  and  is  tunied 
down  (not  rolled)  and  skinned  oflF  like  a  stocking,  the  scraping  and 
pounding  being  continued  at  intervals,  as  required,  until  all  the  bark 
is  completely  separated. 

As  regards  other  forms  of  industry,  mat  work,  basket  work,  and 
netting,  are  all  found  among  these  tribes,  but  no  kind  of  weaving  or 
pottery  whatever.     A  high  artistic  sense  is,  however,  shown  (by  the 
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Semaiig  especially)  in  the  beautiful  and  finely  executed  designs  with 
which  they  decorate  their  blowpipes  and  quivers,  and  the  magic  combs 
worn  by  the  women.  An  amusing  example  of  the  skill  of  the  Jakuns 
was  furnished  me  in  the  form  of  a  set  piece,  representing  the  use  of 
the  blowpipe. 

DRESS. 

The  commonest  form  of  clothing  worn  by  the  men  of  all  these  tribes 
is  the  waistcloth  of  tree  bark,  which  consists  of  a  long  narrow  strip  of 
hammered  bark.  That  of  the  women,  on  the  other  hand,  is  usually  a 
sort  of  short  petticoat  or  wrapper  of  the  same  material.  But  the  most 
interesting  form  of  girdle  worn  by  these  tribes  is  undoubtedly  one 
which  is  beautifully  woven  from  the  long,  black,  shining  strings  or 
cords  called  rhizomorphs,  which  are  in  reality  the  vegetative  parts  of 
a  toadstool.     (PI.  1,  4.) 

Leaving  the  question  of  girdles,  there  are  several  other  slight,  but 
otherwise  important  items  of  attire  worn  by  these  tribes,  such  as  arm 
bands,  necklaces,  and  combs.  Arm  bands  and  even  leg  bands  are  fre- 
quently worn,  apparently  for  the  purpose  of  bandaging  and  so 
strengthening  the  muscles.  They  vary  from  a  simple  tie  of  jungle 
fiber  to  metal  circlets  or  spirals,  which  latter  are  usually  obtained 
from  the  Malays. 

The  necklaces,  which  are  worn  chiefly  by  the  women,  it  would 
appear  mainly  for  magical  purposes,  consist  at  times  of  as  many  as 
nine  strings,  and  are  composed  of  such  objects  as  monkeys'  teeth, 
tufts  of  hair  from  squirrels'  tails,  black  and  white  beads,  seeds  of  jun- 
gle fruits,  shells,  etc. 

The  combs,  which  bear  magical  designs,  and  are  worn  solely  by 
women,  are  of  the  kind  which  I  believe  are  termed  back  combs  in 
England,  but  which  are  only  wora  to  defend  the  wearer  against  poison 
or  sickness.  To  complete  the  picture,  tattooing  or  rather  scarification 
is  practiced  over  a  limited  area  among  the  wilder  tribes  of  the  interior, 
with  face  and  body  painting  (apparently  as  a  substitute  for  tattooing) 
in  places  where  Malay  influence  has  begun  to  enter.  The  usual  pat- 
tern consists  of  four  or  five  horizontal  stripes  on  the  cheeks,  with  a 
sort  of  trident  or  pitchfork  design  on  the  forehead  or  chin.  For  the 
stripes  on  the  cheeks  are  often  substituted  rows  of  black  and  white 
dots,  supposed  to  represent  what  are  called  the  spores,  or  perhaps 
more  correctly  the  sori,  of  a  fern.  The  tattooing  is  performed  by 
drawing  the  finely  serrated  edge  of  a  sugar-cane  leaf  across  the  skin 
and  rubbing  into  it  powdered  charcoal. 

In  addition  to  the  foregoing  the  septum  of  the  nose  is  frequently 
(among  the  Semang  and  Sakai  only)  pierced  to  admit  the  quill  of  a 
porcupine,  bone,  or  piece  of  stick,  or  some  other  decorative  object  of 
the  kind. 
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MUSIC  AND   DANCING. 

It  would  take  too  lonf^  to  describe  in  any  sort  of  detail  the  musical 
instruments  of  these  tribes.  SuflSce  it  to  say  that  they  are  almost 
always  made  o(  bamboo,  some  of  the  most  primitive  kinds  being  of 
special  ethnographical  interest,  notably  the  bamboo  jews-harp  and  the 
nose  flute.  One  or  two  of  these  latter  (PI.  I,  5)  may  be  played  at  a  time, 
the  performer  breathing  into  the  mouth  hole  of  the  flute  through  the 
nostrils.  This  instrument  is  found  among  tribes  who  do  not  use  the 
blowgun,  as  well  as  among  those  tribes  who  do,  but  the  accomplish- 
ment should  be  an  easier  one  for  the  latter,  i.  e.,  the  Sakais,  to  acquire, 
from  the  healthy  development  of  the  lungs  with  the  blowpipe  exer- 
cise. Simpler  forms  of  instruments  are  represented  by  a  couple  of 
sticks  which  are  struck  together,  producing  a  sound  like  castagnettes, 
and  (among  the  Semang)  by  big  internodes  or  "joints"  of  bamboo, 
which  are  closed  natumlly  by  the  node  at  the  lower  end  and  played 
hj  being  ^)eaten  at  the  upper  end  with  a  fan-shaped  palm-leaf  beater. 

The  most  important  instrument  of  the  Jakuns  is  the  drum,  which  is 
made  of  a  hollowed-out  trunk  of  screw  pine,  headed  with  the  dressed 
skins  of  mouse  deer  or  monkej^s. 

On  festive  occasions,  e.  g.,  for  singing  and  dancing,  both  sexes 
decorate  the  person  profusely  with  festoons  of  leaves.  The  Sakais 
and  Jakuns  in  addition  wear  upon  the  head  a  curious  circlet  made  of 
strips  of  palm-leaf  (licuala)  in  the  fonn  of  a  plait  with  long  streamers 
so  depending  from  it  as  partially  to  conceal  the  face  of  the  dancer. 
That  of  the  woman  has  in  addition  a  number  of  short  sticks  on  which 
are  spitted  fragrant  leaves  or  flowers,  on  a  principle  of  which  we  seem 
to  have  the  counterpart  in  the  design  of  some  of  our  peers'  coronets. 
In  the  girdle,  head-band,  and  festoons  (which  are  crossed  upon  back 
and  breast)  are  inserted  bunches  or  bouquets  of  cunningly  woven 
strips  of  palm-leaf  representing  nooses,  etc.,  whi(^h  are  said  to  be 
intended  to  enti'ap  evil  spirits  when  they  make  assault  upon  the  person 
of  the  dancer. 

Finally  a  short  wand  or  scepter  is  carried,  which  takes  at  times  a 
most  peculiar  shape,  resembling  a  series  of  crescents  and  double  axes. 
(PL  I,  5.) 

FEASTS   AND   SONGS. 

In  former  daj's  at  harvest  time  the  Jakuns  kept  an  annuat  festival, 
at  which,  the  entire  settlement  having  been  called  together,  fermented 
liquot  brewed  from  jungle  fruits  was  drunk;  and  to  the  accompani- 
ment of  sti^ains  of  their  rude  and  incondite  music,  lx)th  sexes,  crown- 
ing themselves  with  fragiant  leaves  and  flowers,  indulged  in  bouts  of 
singing  and  dancing,  which  grew  gradually  wilder  throughout  the 
night,  and  termmated  in  a  strange  kind  of  sexual  orgie. 

The  >ongs  which  were  sung  on  these  occasions  were  sometimes 
merely  topograph ical,  l)ut  more  often  the  theme  was  a  description  of 
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some  one  of  the  denizens  or  products  of  the  jiingfle.  Commencing  by 
setting  forth  the  attributes  and  habits  of  some  particular  wild  animal; 
or  bird,  thej  would  pi-oceed  to  descrilie  the  incidents  of  its  pursuit  by 
men  from  their  encampment,  its  death  by  a  venomed  shaft  from  the 
blowgun,  the  return  of  the  successful  huntsmen,  and  the  impartial 
division  of  the  spoil.  It  has  often  been  said  that  these  songs  are  mere 
gibberish  and  have  no  connected  meaning.  Whether  they  are  so  or 
not,  the  following  extracts  will  show. 

The  first  is  one  of  the  Semang  songs  which  I  took  down  in  Kedah. 
It  refers  to  a  kind  of  long-tailed  monkey  called  *^  km,^'  whose  name 
forms  the  burden  of  the  song. 

''He  runs  along  the  branches,  the  kra, 
Carrying  fruit  with  him,  the  kra, 
He  walks  to  and  fro,  the  kra, 
Over  the  knotted  'seraya'  tree,  the  kra, 
Over  the  knotted  'rambutan'  tree,  the  kra, 
Over  the  live  bamboos,  the  kra, 
Over  the  dead  bamboos,  the  kra, 
Over  the  giant  bamboos,  the  kra, 
He  hangs  downwards,  the  kra. 
And  runs  along  the  branches,  the  kra. 
He  runs  along  and  hoots,  the  kra. 
And  peers  forward,  the  kra. 
Among  the  young  rambutans,  the  kra. 
And  shows  his  grinning  teeth,  the  kra, 
From  every  sapling,  the  kra!" 

Here  is  one  of  the  Jakun  songs,  which  is  one  out  of  a  set  of  al>out 
thirty  different  ones  which  I  took  down  in  Selangor: 

"  *Impit-impit'  is  the  cry  of  the  rhinoceros. 
The  rhinoceros  of  the  herd  (calling)  to  the  reirlnse  rhinoceros, 
He  calls  his  comrades  to  seek  for  food. 
He  walks  the  forest  and  climbs  the  hills. 
He  walks  abroad  when  the  dew  dries  on  the  granite. 
What  skills  it  for  me  to  resist  the  rhinoceros? 
I  call  my  comrades,  but  my  comrades  are  not  there. 
I  am  terrified  and  climb  up  into  a  tree, 
But  the  rhinoceros  waits  at  the  tree's  foot. 
I  break  off  a  lx)w  and  throw  it  down  to  him, 
The  rhinoceros  champs  it,  and  passes  onward. 
I  climb  down  to  ground  again  and  run  back  homewards 
And  climb  into  the  hut,  but  the  rhinoceros  follows. 
I  take  my  gun  and  shoot  the  rhinoceros. 
The  bullet  has  hit  him!    The  rhinoceros  has  fallen! 
1  roast  him  next  and  cut  up  the  rhinoceros, 
And  give  of  the  meat  a  little  to  everyone. 
But  the  horn  I  sell  to  the  Chinese  foreigners." 

Other  songs  in  my  collections  describe  the  tiger,  elephant,  bear, 
crocodile,  birds  and  bats,  fish,  various  reptiles,  and  fruit.  A  very 
pretty  one  is  about  children  liathing. 
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MARRIAGE. 

Marriage,  among  all  these  tribes,  is  said  to  be  based  on  purchase. 
Of  the  actual  ceremonies  the  most  interesting  is  the  form  of  wedding 
rite  which  is  usually  described  as  the  ant-heap  cerepion3\  The  bride- 
groom is  required  to  ovei-take  the  bride  before  she  has  run  seven  times 
round  the  ant-heap,  and  in  the  event  of  his  failing  to  do  so  the  marriage 
has  to  be  postponed  for  a  future  occasion. 

This  is  the  usual  account  given  by  people  who  have  recorded  it  from 
hearsay.  I  was,  however,  on  one  occasion  fortunate  enough  to  be 
present  at  one  of  these  weddings,  and  I  then  discovered  that  the 
orthodox  object  round  which  the  chasing  took  place  was  not  really  an 

ant  heap,  but  a  small  arti- 
ficial mound,  the  cause  of 
the  confusion  being  the  use 
of  the  Malay  word  Busut, 
which  may  bear  either 
meaning.  The  artificial 
mound  (fig.  3)  which  was 
used  on  this  occasion  was 
about  3i  feet  high  with 
about  the  same  diameter 
at  the  base.  Its  shape  was 
that  of  a  truncated  cone, 
surmounted  by  a  small 
globe  and  knob.  It  re- 
sembled not  remotely  a 
gigantic  bell  and  bell  han- 
dle. It  was  decorated  with 
jungle  flowers,  and  the 
Jakun  chiefs  assured  me  that  this  was  the  "genuine  article,''  and  that 
it  was  the  emblem  of  their  religion,  and  I  see  no  reason  tor  doubting 
the  statement. 

Before  the  pursuit  of  the  bride  takes  place  the  man  or  his  proxy  is 
subjected  to  a  severe  catechism  by  the  woman's  representatives,  the 
questions  asked  being  of  a  most  searching  description,  e.  g. : 

''Can  you  fell  trees! 

"Can  you  climb  for  fruit? 

"Can  JOM  find  turtles'  eggs? 

"Are  you  clever  at  using  the  blowpipe?  and 

"Can  you  smoke  cigarettes?" 

This  last  query  doubtless  relates  to  the  fact  that  the  ceremony  some- 
times concludes  with  the  smoking  of  a  cigarette  jomtly  by  bride  and 
bridegroom.  - 

Among  the  Orang-Laut  or  sea  gypsies  the  pursuit  sometimes  takes 
the  form  of  a  canoe  race,  in  which  the  woman  is  given  a  good  start,  and 
must  be  overtaken  by  the  man  before  she  has  gone  a  certain  distance. 


Pig.  3.— Btisiit  or  artificial  mound  of  clay  round  wliich  the 
bride  is  chased  by  the  bridegroom.    (Besisi  tribe.) 
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FUNERAL. 

At  a  Sakai  or  Jakun  funeral  the  body  of  the  deceased  is  slung  from 
a  pole  and  carried  to  a  distant  spot  in  the  jungle— at  least  a  cock's 
crow  from  the  nearest  house.  Here  it  is  wrapped  in  a  new  cloth  and 
buried  in  a  shallow  trench,  the  clothes  worn  during  the  life  of  the 
deceased  being  burned  in  a  fire  which  is  lighted  near  the  grave.  The 
grave  being  filled  up,  rice  is  sown  upon  it  and  watered,  some  herbs 
and  young  bananas,  etc.,  are  planted  round  it  (all  of  these  being  for 
the  deceased's  soul  to  feed  upon),  and  finally  a  small  three-cornered 
hutch,  not  unlike  a  doll's  house,  but  raised  on  very  high  posts,  is 
erected  near  the  foot  of  the  grave  for  the  soul  to  reside  in.  The  soul's 
house  itself  is  about  a  foot  and  a  half  high,  is  thatched  with  palm 
leaves,  and  provided  with  a  ladder  for  the  soul  to  climb  up  by.  It 
contains  in  addition  diminutive  emblems  of  the  sex  of  the  deceased  (in 
the  case  of  a  man,  the  model  of  a  hatchet  and  a  jungle  knife,  etc.;  in 
the  case  of  a  woman,  the  model  of  a  back  basket  or  wallet,  such  as  is 
carried  by  the  women  of  the  tribe),  as  well  as  a  supply  of  food  (a  little 
rice  and  fish,  etc.)  for  the  deceased's  soul  to  feed  upon,  tobacco  for  it 
to  smoke,  and  betel  leaf  for  it  to  chew. 

The  Semang,  on  the  other  hand,  practice  a  simple  form  of  interment, 
a  supply  of  food  and  drink  being  placed  in  the  grave  along  with  the 
body.  There  is,  however,  a  tradition  that  they  used  to  devour  their 
dead  and  buiy  the  head  only,  and  although  this  assertion  is  certainly 
untrue  now,  and  probablj^  always  was  so,  it  is  more  than  probable 
that  like  their  close  kinsmen  the  Andamanese  they  ma}'^  once  have  been 
in  the  habit  of  disinterring  the  bones  of  their  dead  and  breaking  them 
into  short  segments  to  string  on  to  their  necklaces,  in  which  case  the 
skull  may  have  once  been  worn,  as  among  the  Andamanese,  as  a  sort 
of  pendant  attached  to  the  necklace. 

MAGIC. 

The  chiefs  of  the  tribe  were  often,  if  not  always,  medicine  men  or 
magicians,  their  power  in  this  respect  being  greatly  feared  by  the 
Malays,  who  believed  them  to  be  capable  of  slaying  people  at  a  distance 
by  means  of  what  are  called  "sendings,"  which  w^ere  small  slivers  of 
bamboo  apparently  representing  darts,  which  being  placed  on  the 
palm  of  the  hand  would  (it  was  thought),  at  the  magician's  bidding, 
fly  through  space  until  they  reached  their  intended  victim,  whom  they 
would  pierce  to  the  heart  and  kill  even  at  a  distance  of  two  or  three 
days'  journey. 

The  Buluh  PSrindu  or  ''love  and  longing"  bamboo  was  said  to 
grow  upon  almost  inaccessible  mountain  peaks.  Slivers  of  this  plant 
were  formerly  obtained  from  the  Jakuns  by  the  members  of  Malay 
traveling  theatrical  troupes,  who  inserted  them  between  the  teeth. 
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this  bein^  believed  to  render  the  voice  of  the  wearer  irresistible.  This 
custom,  however,  led,  it  was  said,  to  such  abuses  that  formerly'  in  some 
parts  of  the  peninsula  the  possession  of  any  portion  of  the  *''Buluh 
P^rindu"  was  punished  with  the  death  penalty. 

The  chinduai  or  chingkuai  is  a  small  fragrant  plant  witli  minute 
inflorescences  (sometimes  it  is  described  as  a  small  white  five-petaled 
blossom)  which  is  believed  to  be  one  of  the  rarest  and  most  fragrant 
flowei-s  in  the  world. 

The  story  goes  that  it  formerly  grew  underneath  a  ledge  of  over- 
hanging rock  on  one  of .  the  crags  of  the  Ulu  Klang  mountains. 
Although  the  exact  spot  where  it  grew  could  be  seen  from  the  ledge, 
it  was  nevertheless  inaccessible,  and  it  was  said  that  the  wild  man  who 
wanted  it  had  to  ascend  the  mountain  and  there  keep  his  fast  possibly 
for  weeks  or  months  upon  the  summit  of  this  ledge  until  a  kite,  which 
used  the  chinduai  as  medicine  for  its  3'oung,  should  drop  a  piece  in 
^ying  over  him.  Whatever  may  be  the  facts,  this  particular  charm 
is  well  known  in  connection  with  the  Klang  country,  and  is  alluded  to 
in  the  local  quatrain  which  says,  "Set  not  your  foot  upon  the  Klang 
mountains;  if  you  do  you  will  suffer  from  their  charm.^' 

Both  Semang  and  Sakai  are  great  adepts  at  the  exorcism  of  demons; 
and  on  one  occasion  I  saw  an  apparently  wonderful  cure  eflFected  by 
this  simple  means,  the  patient  being  a  woman  belonging  to  one  of  the 
tribes  of  Semangs  in  Kedah.  We  were  all  sitting  and  talking  quietly 
in  the  long  communal  leaf-shelter  in  which  the  tribe  lived,  when  one 
of  the  women,  who  suffered  at  intervals  from  agonizing  pains  in  the 
limbs,  was  seized  with  a  sudden  paroxysm  (which  made  her  screan: 
with  pain)  and  presently  leaped  to  her  feet  and  fled  into  the  jungle. 
The  remainder  of  her  companions,  who  declared  that  she  had  gone 
into  the  jungle  to  die  there,  slipped  out  one  by  one  after  her,  and  1 
decided  to  follow  them  to  see  whether  anything  could  Ije  done.  When 
I  arrived  I  found  the  woman  seated  on  the  ground,  while  the  chief, 
in  his  capacity  of  medicine  man  to  the  tribe,  was  digging  away  for 
dear  life  with  a  pointed  stick  to  try  and  uneailh  the  stump  of  a  small 
sapling  which  grew  near  the  spot.  This  he  presently  succeeded  in 
doing,  and  on  examining  the  root  found  what  he  pronounced  to  be 
clear  evidence  of  the  demon's  recent  presence  in  the  curious  pinching 
in  of  part  of  the  root.  He  next  took  earth  out  of  the  hole  and  rubbed 
it  over  the  patient's  stomach  and  back,  muttering  charms  as  he  did  so, 
in  order  to  induce  the  demon  to  return  to  the  spot  whence  he  had  come. 
In  a  few  minutes  the  woman  began  to  get  better,  but  as  the  demons 
were  not  yet  quite  done  with,  the  chief  proceeded  to  dig  up  the  stump 
of  another  tree,  this  time  a  creeper,  whose  root  proved  in  shape  to  bear 
some  resemblance  to  a  mandrake.  He  then  repeated  the  former  pro- 
cess, and  chantecj  his  incantations  more  vigorously  than  ever,  at  the 
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conclusion  of  which  two  of  the  men  of  the  tribe  who  assisted  him  hurled 
away  into  the  jungle  the  stems  of  two  saplings  which  had  been  lying 
near  the  spot,  in  order,  they  said,  to  get  rid  of  the  demon's  presence. 
By  this  time  the  woman  had  ceased  her  lamentations,  and  in  about  ten 
minutes'  time  was  pronounced  cured,  after  which  she  quietly  returned 
to  the  encampment  as  if  nothing  had  happened. 

The  whole  performance  was  an  excellent  example  of  sympathetic 
magic  or  make-believe. 

The  most  remarkable  development,  however,  of  the  wild  magician's 
alleged  powers  is  connected  with  the  "tiger  man"  beliefs^  which  are 
analogous  to  former  European  ideas  about  werewolves.  One  of  the 
Semang  men  whom  Mr.  Laidlaw  and  I  met  at  Ulu  Aring,  in  Kelantan, 
had  the  reputation  of  being  a  notorious  tiger  man,  or  B'lian,  and  gave 
me  some  interesting  information  about  the  performance.  "You  go,"  he 
said,  "a  long  wa}'^  into  the  jungle"  (usually,  he  added,  into  the  next  val- 
ley), "and  there,  when  you  are  quite  alone,  you  squat  down  upon  your 
haunches,  burn  incense,  and,  making  a  trumpet  of  your  hand,  blow 
some  of  the  smoke  of  the  incense  through  it,  at  the  level  of  your  face, 
in  three  directions.  You  then  repeat  this  process,  holding  your  hand 
close  to  the  ground;  all  you  now  have  to  say  is,  'Y^  chop'  ("I  am  going 
abroad'),  and  presently  your  skin  will  change,  the  stripes  will  appear, 
your  tail  will  fall  down,  and  you  will  become  a  tiger.  When  3^ou  wish 
to  return  say,  "Ye  wet'  ('I  am  going  home'),  and  3'ou  will  presently 
return  to  your  natural  form."  It  sounds  easy  enough,  and  the  only 
wonder  was  that  one  so  seldom  heard  in  that  part  of  the  world  of  the 
disappearance  of  an  obnoxious  rival  or  a  scolding  wife. 

The  most  interesting  point  about  this  ceremony,  however,  is  its 
apparent  universality,  for  it  is  found*  mutatis  mutandis,  in  all  parts  of 
the  globe.  In  passing,  it  may  be  noted  that  a  small  variety  of  ripping 
knife  (Mladan)^  shaped  like  a  tiger's  claw,  and  fitted  with  a  hole  in  the 
haft  to  pass  the  finger  through,  is  well  known  and  used  to  this  day 
both  in  the  Malay  Peninsula  and  Sumatra,  in  both  of  which  countries 
the  were-tiger  belief  is  still  held  strongly. 

RELIGION. 

The  religion  of  the  wild  tribes  is  a  form  of  shamanism  such  as 
prevails  in  other  parts  of  southeast  Aasia.  They  believe  in  certain 
greater  spirits,  who  may  perhaps,  when  we  have  found  out  all  about 
them,  prove  to  be  a  sort  of  gods  in  the  making.  But  they  have,  of 
course,  nothing  which  exactly  corresponds  to  our  own  idea  of  God, 
and  the  evidence  on  this  subject  is  more  than  usually  conflicting,  owing 
to  the  extreme  reticence  and  timiditv  of  these  wild  men  themselves,  of 
whom  it  would  lie  but  little  exaggeration  to  say  that  they  were  as  wild 
VL<  deer.  Most  of  them  lK?lieve  that  the  soul  shortly  after  death  pro- 
ceeds to  a  place  called  the  Island  of  Fruits  (the  jungle  man*s  idea  of 
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a  paradise),  which  they  not  unfrequently  identify  with  the  moon.  To 
reach  this  island  they  are  compelled  to  cross  a  boiling  lake  resembling 
a  copper,  by  means  of  a  narrow  bridge  formed  of  a  fallen  tree  trunk, 
and  the  souls  of  the  wicked,  failing  to  accomplish  this  in  safetj^,  fall 
off  the  log  into  the  lake,  where  they  swim  about  desperately  for  three 
long  years,  clutching  at  the  smooth  sides  of  the  lake,  after  which  the 
chief  of  the  Island  of  Fruit  Trees,  if  he  so  thinks  fit,  contemptuously 
lets  down  to  them  one  of  his  feet  so  that  they  may  catch  hold  of  his 
great  toe,  in  which  undignified  fashion  they  are  at  length  permitted  to 
escape  from  purgatory  and  to  enter  paradise. 


THE  PYGMIES  OF  THE  GREAT  CONGO  FOREST. « 


By  Sir  Harhy  H.  Johnston,  G.  C.  M.  G. 


[In  the  receasea  of  the  great  Congo  forest  have  been  discovered  two  tribes  of  men,  the  moet  back- 
ward in  their  development  from  lower  forms  of  all  the  savage  races  of  the  Dark  Continent.  The 
following  article  is  an  account  of  their  appearance,  modes  of  life  and  speech,  together  with  some 
vastly  suggestive  theories  of  their  descent  from  the  prehistoric  invaders  of  Africa  from  Asia.] 

THE  INFLUENCE   OF  A   GREAT   FOREST  ON   THE    EVOLUTION   OF   MAN. 

The  great  Congo  forest  of  west-central  Africa  must  undoubtedly 
be  regarded  as  a  very  important  factor  in  the  past  history  of  Africa. 
By  "history"  I  do  not  mean  the  record  of  man's  doings  only,  or  of 
the  progress  of  the  civilized  races  of  men,  whose  adventures  chroni- 
cled by  writing  have  narrowed  the  use  of  the  word  to  records  of  the 
progress  of  humanity  during,  let  us  say,  seven  thousand  years,  a  mere 
half  minute  in  the  hour  of  man's  existence.  For  not  only  in  the 
"prehistoric"  movements  of  man,  but  also  in  the  preceding  migra- 
tions of  great  beasts  and  anthropoid  apes  has  this  might}^  forest 
checked  and  deflected  the  distribution  of  species  or  received  into  its 
bosom  hunted,  defenseless  forms,  which  have  thus  been  enabled  (as  in 
the  case  of  the  Okapi)  to  linger  on  into  the  present  day. 

Before,  therefore,  I  proceed  further  with  my  description  of  remark- 
able negro  types  which  are  to  be  found  on  the  eastern  limits  of  this 
forested  region,  it  may  be  well  if  I  define  clearly  the  area  of  forested 
Africa  at  the  present  day.  Roughly  speaking,  the  whole  basin  of  the 
Congo,  the  enormous  area  of  relatively  low-lying  land  (once  possibly 
the  site  of  inland  seas  or  of  an  extension  of  the  ocean),  is  a  region  of 
dense  forest.  On  the  southwest  the  forest  stretches,  with  here  and 
there  a  break,  over  to  the  upper  waters  of  the  Zambesi  River,  and  on 
the  northeast  it  overlaps  the  Nile  watei'shed,  the  southwestern  fringe  of 
which  is  covered  with  forest  that  spreads  uninterruptedly  from  the 
Congo.  In  countries  to  the  east,  and  even  here  and  there  near  the 
littoral  of  the  Indian  Ocean,  patches  of  primeval  forest  exist  which 
.scarcely  differ  from  that  of  the  Congo.     It  is  possible,  therefore,  that 

« Reprinted  by  permiaeion  of  Sir  Harry  H.  Johnston  and  the  publisher,  from 
McClure's  Magazine,  February,  1902;  modified,  by  permission  of  the  author,  by 
paragraphs  from  Volume  II  of  The  Uganda  Protectorate,  by  Sir  Harry  11.  Johnston. 
New  York:  Dodd,  Mead  &  Co.,  1902, 
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the  whole  of  Africa  south  of  the  northern  tropic  may  once  have  been 
one  continuous  primeval  forest. 

Certain  regions,  however,  on  the  north  and  south  and,  above  all  in 
the  eastern  half  of  the  continent,  proved  less  capable,  from  conditions 
of  soil  or  moisture,  to  support  this  growth  of  vegetation.     In  these 
regions  the  great  maoimals  that  invaded  Africa  during  the  Pliocene 
epoch,  through  southern  Asia  and  Arabia,  found  less  resistance  to 
their  pr<^re8S  and  conditions,  such  as  the 
growth  of  grasses,   more  favorable  to  the 
development  of  herbivores;  while  of  course 
the  great  carnivorous  animals  could  exist 
only  where  the  big  vegetarian  beasts  would 
thrive.     The   mighty  forests   still   existed, 
however— existed  possibly  with  small  inter- 
ruptions— right  across  the  continent  from 
(  west  to  east.     They  therefore  received  into 

their  safe  recesses  the  anthropoid  apes  and 
'v  the  more  timid  and  defenseless  mammals  of 

*^  '  large  size,  which  in  the  more  open  country 

would  have  been  completely  exterminated.  The  anthropoid  apes  had 
no  doubt  been  driven  away  from  western  Asia  and  southern  Europe 
by  their  successful  compeer  and  offshoot,  man,  who  can  have  l)een  the 
only  ricrious  enemy  of  these  ancestors  of  the  gorilla,  chimpanzee,  and 
orangutan. 

Some  long  while  after  the  scai'ed  chimpanzees  and  gorillas  had  found 
a  secure  I'efuge  in  the  dense  woods  of  West  Central  Africa  the  earli- 
est types  of  humanity  who  had  entered  the 
Dark  Continent  were  also  pushed  toward 
this  gloomy  forest  by  the  inroads  of  superior 
tribes,  and  some  of  their  descendants  exist 
there  at  the  present  day. 

THE  ANCESTORS   OF  THE   AFE-LIKE   MEN. 

It  may  be  assumed  as  the  most  probable 
of  all  the  theories  on  the  subject  that  the 
human  type  emerged  from  the  ape  some-  f 

where  in  Asia,  possibly  in  Southern  Asia,  Ape-i.ke  type,  Muiunde.  Veiiow- 
inasmuch  a-s  the  real   missing  link,  Pithe-  i*h«tin, 

canthropus  erectus,  has  been  discovered  fossil  in  Java.  In  any  case 
early  man  appears  to  have  had  an  immense  dcvelopuijent  in  and  around 
the  Indian  Peninsula,  and  possibly  there  or  thereabouts  developed  the 
three  main  types  which  he  exhibits  at  the  present  day — the  Mongolian, 
the  Caut^aisian,  and  the  negro.  The  pressure  of  superior  races  drove 
the  negro  types  out  of  Southern  Asia  eastward  to  the  Andaniaii.", 
Malacca,  New  Guinea,  the  Paoitic  Islands,  and  Tasmania,  and  westward 
across  Baluchistan,  Mesopotamia,  and  Arabia  to  Africa.     •     *     * 
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Suniming  up  the  experiencea  of  many  African  ti-avelerri,  together 
with  my  own  observations,  I  shouM  venture  to  say  that  there  is  a  prog- 
nathous beetling- browed,  short-legged,  long-armed  "ajje-lilte"  type 
of  negro,  dwelling  in  pariah  tribes  or  cropping  upas  reversionary 
individuals  in  a  better-looking  people,  to  be 
met  with  all  down  Central  Africa,  from  the 
Bahr-al-Ghazal  to  the  upper  waters  of  the 
Zambezi  and   westward   from    the   Mount 
Elgon  and  British  East  Africa  to  Portuguese 
Guinea.     I  have  seen  during  my  experience 
in  British  Centntl  Africa  very  prognathous 
ape-like   negroes  coming  from  the  regions 
roundabout  the  Congo-Zambezi  watershed. 

They  were  slaves  in  Arab  cai'avans.    MeHsrs.  ,  .,f 

Grogan   and    Sharp   noticed    this    strange    I'ygmy  »<nnHn.  4  riiii  iinichpaiii 
simian  type  between  Lake  Kivu  and  Lake  '"*  '' 

Albert  Edwai-d,  on  the  eastern  edge  of  the  Congo  forest.     Knowing 
nothing  at  the  time  of  their  observations  in  this  respect,  1  was  much 
struck  on  entering  the  countries  west  of  Kuwenzori  at  the  ape-like 
appearance  of  some  of  the  negroes  whom  I  encoun- 
tered.    These   were   ostensibly   members  of   the 
Bakonjo  or  Raamba  trilK'S  on  the  western  tianks  of 
that  snowy  range,  or  they  were  pariahs  dwelling 
by  themselves  on  the  fringe  of  the  great  (^»ngo 
forest,  west  of  the  Semliki  River.     This  ape-like 
type   was  generally   known  to  the   surrounding 
negi-oos  as  "Banande."     Whenever  1  encountered 
a  rather   brutish   individual    in  this  part  of  the 
country,  he  always  turned  out  to  lie  a  Munande, 
but  1  am  not  able  to  say  that  there  was  any  deli- 
j  nite  ape-like  tribe  known  as  "  Banande."     On  the 

■  contrary)  whilst  here  and  there  prognathous  short- 

I  legged  individuals  existed  in  separate  communi- 

ties  in  a  pariah-like  condition,  very  often  they 
might    be    the    offspring    of    Bakonjo,    Babira, 
Baamba,  Lendu,   or  Bambuba  peoples,   who,   in 
their  ordinary  type,  were  decidedly  not  simian, 
hut  who  may  have  mingled  in  times  ]>ast  with  the 
short-tegsni  type D[  n«n>  'ow&'^t  Stratum  of  the  aboriginal  population,  with 
itomseniiikifon-^ioiiiiv  the  result  thiit  thc  ape-like  still  cropped   up  by 
vanunmi  Occasional  revei'slon.     I  should  also  observe  that 

similai'  prognathou.s,  long  upper-lipped,  short-legged  negroes  reap- 
pear, though  in  a  less  marked  form,  among  the  Bantu  people  on  the 
western  sloj^s  of   Mount  Elgon,  in  the  dense   forests   clothing  the 
tianks  of  that  huge  extinct  volcano.     *     •     * 
SM  1902 31 
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So  far  I  have  given  the  result  of  a  general  impression  on  the  eye  of 
various  travelers  when  I  have  spoken  of  these  negroes  in  the  forested 
regions  and  l)order  lands  of  the  Uganda  Protectorate  beiner  "ape-like." 
But  I  should  state  that  the  skulls  examined,  the  photographs  of  the 
physical  appeai*ance  studied,  the  measurements  of  head  and  body 
analyzed  do  not  enable  scientific  anthropologists  to  indorse  the  term 
"  ape-like  "  which  has  been  used  by  myself  and  others  to  describe  these 
negroes  of  degraded  aspect.  They  offer  sufficient  genei-al  resemblance 
to  the  forest  Pygmy  type  to  be  classed  with  them,  perhaps  in  a  group 
which  I  have  styled  (for  want  of  a  better  name)  the  ''P^^gmy-Prog- 
nathous.**'  *  *  *  The  resemblance  between  the  pygmies  and  these 
Banande  would  appear  to  be  osteological.  Outwardly  there  is  no 
special  likeness  between  the  two  groups.  Fui*ther  evidence  may  show 
that  the  ape-like  type  may  crop  up  in  any  negro  race,  whereas  there 
can  be  do  doubt  that  the  forest  pygmies  are  a  well-marked  and  distinct 
type  of  negro. 

Even  before  the  negro  quitted  Arabia  to  invade  and  occupy  the 
greater  part  of  Africa  he  may  have  developed  a  pygmy  type,  or  have 
had  a  tendency  to  generate  mces  of  stunted  stature.  Remains  which 
have  been  found  in  Sicily,  in  Sardinia,  in  Liguria,  and  the  Pyrenees, 
including  a  curious  little  statuette  fashioned  by  men  of  the  Stone  Age 
discovered  in  the  last-named  locality,  hint  at  the  possibility  of  men  of 
this  P3'gmy  negro  type  having  spread  over' part  of  Europe.  It  has 
been  even  suggested  by  more  than  one  anthropologist  of  authority  that 
a  dwarf -negroid  race  ma}^  have  at  one  time  existed  in  northern  Europe, 
and  by  an  exaggeration  in  legend  and  story  of  their  peculiar  habits — 
habits  strangely  recalling  the  characteristics  of  the  little  dwarf  people 
of  the  Congo  of  the  present  day — have  given  rise  to  the  stories  of 
kobolds,  elves,  sprites,  gnomes,  and  fairies.  Like  some  of  the  Bush- 
men (who  are,  however,  an  independent  development  or  an  arrested 
type  of  negro)  who  inhabited  South  Africa  when  it  was  first  discov- 
ered b}'  iLuropeans,  and  who  still  exist  in  the  southwestern  part  of 
that  continent,  like  the  European  and  Asiatic  races  of  the  early  Stone 
Age,  these  negro  dwarfs  in  bleak  or  poorly  forested  regions  no  doubt 
lived  in  caves  and  holes,  and  the  rapid  manner  in  which  they  disap- 
peared into  these  holes,  together  with  their  baboon-like  adroitness 
in  making  themselves  invisible  in  squatting  immobility— a  faculty 
remarkably  present  m  the  existing  dwarfs  of  the  Congo  forest — ^gave 
rise  to  the  belief  in  the  exi^tence  of  creatures  allied  to  man  who 
could  assume  at  will  invisibilitv.  Traits  in  the  character  of  the  Con^o 
dwarfs  of  the  present  day  recall  irresistibly  the  tricka»  of  Puck,  of 
Robin  Goodfellow,  of  the  gnomes  and  fairies  of  German  and  Celtic 
tradition.     *     *     * 

These  ))eople  are  not  dchnitely  organized  into  a  trilK%  but  hang  about 
the  fringe  of  other  tommunitic^       They  speak  the  languages  or  dia- 
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lects  of  the  better-looking  people  who  are  nearest  to  them.  Some  of 
these  ape-like  men  have  skins  of  a  dirty  yellowish  brown.  The  head 
hair  is  black  and  thick.  Beard,  mustache,  and  whiskers  are  fairly  abun- 
dant. The  eyes  are  deep  set  and  the  overhung  brow  ridge  is  extremely 
marked.  The  upper  lip  is  long,  and  neither  of  the  lips  is  so  much 
everted  as  in  the  ordinary  negro.  The  body  is  covered  nearl}'^  all  over 
by  a  fine  yellowish  down,  not  apparent  at  any  great  distance,  but  tend- 
ing to  accentuate  the  yellow  appearance  of  the  skin.  There  is  great 
prognathism,  a-nd  the  chin  is  weak  and  retreating.  They  appear  to  be 
rather  stupid,  timid,  and  unintelligent.  They  live  in  ver}^  rude  hab- 
itations of  boughs  and  leaves  and  spend  their  time  chiefl}^  hunting  and 
trapping  small  mammals.  They  also  live  a  good  deal  on  honey  and 
bee  grubs.  It  would  seem,  however,  on  the  western  Hanks  of  Ruwen- 
zori  and  in  the  forests  northwest  of  the  Semliki  River  as  though 
superior  mces  had  occupied  the  country  once.given  over  to  the  ape- 
like type  and  had  mixed  with  this  inferior  people,  so  that  the  ape-like 
physiognomy  may  crop  out  again  and  again  in  races  whose  average 
numbers  exhibit  a  higher  type  of  feature  and  figure. 

THE    DESCENDANTS   OF   THE    PYGMIES   OF   HERODOTUS. 

The  Congo  forest  also  shelters  within  its  recesses  at  the  present  day 
those  curious  pygmy  negroes  who  appear  to  be  connected  distantly 
with  the  Bushmen  of  South  Africa.  These  pygmies  were,  in  all  prob- 
abilit}',  well  known  to  .the  ancient  Egyptians.  Traders  and  slave 
traders  who  journeyed  up  the  Nile  from  Egypt  in  ancient  day>,  and 
who  brought  back  curious  beasts  from  the  black  man's  country,  also 
returned  with  specimens  of  these  little  dwarfs.  The  pygmies  also  are 
written  about  by  Herodotus,  as  everybody  knows.  The  "  cranes "'  with 
whon\  the}'  fought  were  probably  the  ostriches  of  the  Sudan.  Per- 
sistent stories  have  been  circulated  from  time  to  time  of  the  existence 
of  pygmy  races  or  pygmy  types  in  the  forests  of  the  Atlas  Mountains 
in  northwest  Africa.  Still  more  remarkable,  fossil  remains  in  Sicily, 
Sardinia,  and  the  Pyrenees  would  ^eem  to  indicate  the  existence  in 
Mediterranean  Europe  at  one  time  of  a  negrito  type,  and  a  rude  stat- 
uette found  in  the  Pyrenees,  and  attributed  to  the  Stone  Age,  would 
seem  to  show  that  these  pygmies  lingered  on  long  after  the  invasion 
of  the  country  by  superior  races.     *     *     * 

The  little  pygmies  of  the  Congo  forest  do  not  themselves  cultivate 
or  till  the  soil,  but  live  mainly  on  the  flesh  of  beasts,  birds,  and  jcep- 
tiles,  on  white  ants,  bee  giubs,  and  larvce  of  certain  burrowing  beetles. 
Nevertheless  they  are  lond  of  bananas,  and  ro  satisfy  their  hankering 
for  this  sweet  Iruit  they  will  come  at  night  and  rob  the  plantations  of 
their  Dig,  black  agricultural  neighbors.  If  the  robbery  is  taken  in 
good  part,  or  if  glft^  in  the  ^hape  of  ripe  bananas  a»e  laid  out  in  a 
likely  spot  foi  the  pygmy  visitor  vvho  comes  silently  m  the  darkness 
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or  dawn,  the  little  man  will  show  himself  grateful  and  will  leave 
behind  him  some  night  a  return  present  of  meat,  or  he  will  be  found 
to  have  cleared  the  plantation  of  weeds,  to  have  set  traps,  to  have 
driven  off  apes,  baboons,  or  elephants  while  his  friends  and  hosts 
were  sleepmg.  Children,  however,  might  be  lured  away  from  time 
to  time  to  follow  the  dwarfs,  and  even  mingle  with  their  tribe,  like 
the  children  or  men  and  women  carried  off  by  the  fairies.  On  the 
other  hand,  it  is  sometimes  related  that  when  the  negro  mother  awoke 
in  the  morning  her  bonny,  big,  black  child  had  disappeared  and  its 
place  had  been  taken  by  a  frail,  yellow,  wrinkled  pygmy  infant,  the 
changeling  of  our  stories.  Anyone  who  has  seen  as  much  of  central 
Africa  as  I  have  and  has  noted  their  merry,  impish  ways,  their  little 
songs,  their  little  dances,  their  mischievous  pranks,  unseen,  spiteful 
vengeance,  quick  gratitude,  and  prompt  return  for  kindness  can  not 
but  be  struck  by  their  singular  resemblance  in  character  to  the  elves 
and  gnomes  and  sprites  of  our  nursery  stories.  At  the  same  time  we 
must  be  on  our  guard  against  reckless  theorizing,  and  it  may  be  too 
much  to  assume  that  the  negro  species  ever  inhabited  Europe  in  spite 
of  the  resemblance  betweei),  the  stone  implements  of  paleolithic  man 
and  those  of  the  modern  Tasma^ians,  and  the  Tasmanians  were  negroid 
if  not  negro.  Paleolithic  man  in  Europe  may  have  been  more  like 
the  Veddah,  the  Australian,  the  Dravidian,  the  Ainu  than  the  Bush- 
man or  Congo  pygmy.  Undoubtedly  (to  mythinking)  most  '' fairy" 
myths  arose  from  the  contemplation  of  the  mysterious  habits  of  dwarf 
troglodyte  races  lingering  on  still  in  the  crannies,  caverns,  forests, 
and  mountains  of  Europe  after  the  invasion  of  neolithic  man.  But 
we  nmst  not  too  widely  assume  that  these  extinct  pygmy  races  were 
negroes.  They  might  well  have  been  the  dwarfed  descendants  of 
earlier  and  less  definite  human  species;  they  may  have  been  primitive 
Mongols  or  Eskimos.  All  the  three  species,  or  subspecies,  of  Honw 
have  developed  separately,  repeatedly,  and  concurrently  dwarf  and 
giant  races.  Tall  peoples  have  ansen  independently  one  after  the 
other  in  Patagonia,  in  equatorial  Africa,  in  north  Africa,  Syria,  north- 
ern Europe,  and  Polynesia.  Stunted  races  have  been  evolved  in 
several  parts  of  Africa,  in  Scandinavia,  Japan,  the  Andaman  and 
Philippine  archipelagoes,  or  among  the  Eskimos. 

I  am  not  inclined  now  to  advocate  the  theory  that  the  Congo  pyg- 
mies of  equatorial  Africa  are  necessarily  connected  in  origin  with  the 
South  African  Bushman.  Some  Bushmen  tribes  in  southwest  Africa, 
where  better  food  conditions  prevail,  are  scarcely  dwarfs.  The  Bush- 
men and  Hottentots  are  obviously  closely  interrelated  in  physical 
structure,  but  I  can  see  no  physical  features  (other  than  dwartishness) 
which  are  obviously  peculiar  to  both  Bushmen  and  Congo  pygmies. 
On  the  contrary,  in  the  large  and  often  protuburent  eyes,  the  broad, 
flat  nose  with  its  exaggerated  aloe,  the  long  upper  lip  and  but  slight 
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decree  of  eversion  of  the  inner  mucous  surface  of  the  lips,  the 
abundant  hair  on  head  and  body,  relative  absence  of  wrinkles,  of 
steatopyj^y,  and  of  high,  protruding  cheek  bones,  the  Congo  dwarf 
differs  markedly  from  the  Hottentot-Bushman  type.  It  is  true  that 
some  of  the  Congo  pygmies  intercalate  their  speech  with  faucal  gasps 
in  place  of  guttural  consonants,  but  this  defect  in  pronunciation  need 
not  necessarily  contain  any  reminiscence  of  the  Bushman  clock.  There 
is  one  language  spoken  in  eastern  equatorial  Africa  (in  the  German 
sphere)  which  has  the  clicks — the  Sandjiwi.  But  this,  though  it  may 
be  a  relic  of  extremely  ancient  days,  when  the  ancestors  of  the  Hot- 
tentots were  dwelling  in  east  Africa,  is  not  at  the  present  time  spoken 
by  a  people  offering  marked  physical  resemblances  to  the  Congo 
pygni}^  or  to  the  south  African  Hottentot. 

In  short,  it  would  seem  to  the  present  writer  that  there  is  at  present 
no  evidence  of  any  more  relationship  between  the  forest  pygmies  of 
equatorial  Africa  and  the  desert  pygmies  of  southwestern  Africa  than 
the  fact  that  both  are  early  branches  of  the  negro  stem  which  probably 
diverged  simultaneously  at  a  remote  perioc?  from  the  Ethiopian  stock — 
sharing  a  few  similar  features'^  in  comm6n — the  one  to  hide  in  the 
forests  between  the  Sahara  and  the*Zaml>ezi  watershed,  and  the  other 
to  I'ange  over  the  prairiej^,  steppes,  and  deserts  of  eastern  and  southern 
Africa.  Perhaps  the  forest  pygmies  of  to-day  are  more  nearly  allied 
to  the  west  African  Bantu  and  Nile  negroes  than  they  are  to  the  Bush- 
man-Hottentot group,  which  last  is  a  section  of  the  negro  subspecies 
somewhat  clearly  marked  off  and  separated  from  other  negro  races. 

Many  centuries  ago  these  stunted  little  negroes — of  yellowish  skin 
and  somewhat  hairy  bodies,  of  large  heads,  and  of  noses  not  only  flat 
but  with  the  wings  much  developed,  and  rising  as  high  as  the  central 
cartilage  of  the  nose — must  have  been  the  principal  inhabitants  of  the 
Uganda  Protectorate,  sliaring  these  wide  and  varied  territories  of 
forest,  swamp,  steppe,  and  park  land  with  the  prognathous  type  above 
described.  At  the  present  day,  however,  the  number  of  actual  typical 
pygmies  existing  in  the  Uganda  Protectorate  is  very  small,  and  their 
range  is  probably  confined  to  a  belt  of  forest  lying  to  the  east  and 
west  of  the  Semliki  River,^  and  perhaps  to  the  dense  woods  on  the 
southeast  shores  of  the  Albert  Edward  Lake.  They  are  much  more 
abundant  in  the  Congo  Free  State,  in  whose  forests  they  exist  in  a 
more  or  less  undilated  ti^K?  southward  to  the  verge  of  Angola,  and 
north  and  northwest  to  the  vicinity  of  the  Barh-al-Ghazal  and  the 
German  Cameroons.  This  pygmy  type  is  also  found  within  the  terri- 
tory of  the  German  Cameroons,  and  in  the  interior  of  French  Congo 
and  Gaboon.  It  may  even  be  found  still  to  exist  in  the  very  remote 
parts  of  British  Nigeria. 

Dwarf  negro  races,  possibly  related  to  the  Congo  pygmies,  are  found 
m  the  vicinity  of  Lake  Stephanie,  in  northeastern  Africa,  while  the 
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dwarf  t^'^pe  makes  its  appearance  here  and  there  in  the  eastern  part  of 
the  Kingdom  of  Uganda  (in  the  forests  of  Kiagwe),  in  the  nomad  of 
the  Andorobo  (a  people  of  hunters  which,  in  half -servile  connection 
with  the  Masai,  wanders  over  the  greater  part  of  eastern  Africa 
between  the  Victoria  Nyanza  and  the  vicinity  of  the  Indian  Ocean), 
and  amongst  the  people  on  the  west  and  north  of  Mount  Elgon/'  No 
doubt,  as  Africa  becomes  more  closel}'^  examined,  the  Pygmy  type  may 
be  found  to  crop  up  elsewhere,  either  living  as  a  separate  people  or 
reappearing  as  a  reversionary  type  in  tribes  of  more  typical  negro  appear- 
ance, who  in  times  past  have  absorbed  antecedent  dwarf  ra<H^s.     *     *     * 

AN    HISTORICAL  EXPLANATION    OF   THE   GNOMES  AND    DWARFS   OF   FOLK- 
LORE. 

Other  dwarf  races  of  humanity,  belonging  to  the  white  or  the  Mon- 
golian species,  may  have  inhabited  northern  P^urope  in  ancient  times, 
or  it  is  just  possible  that  this  type  of  pygmy  negro  which  survives 
to-da}'  in  the  recesses  of  inner  Africa  may  even  have  overspread  Europe 
in  remote  times.  ^  If  it  did,  then  the  conclusion  is  irresistible  that  it 
gave  rise  to  most  of  the  myths  and  beliefs  connected  with  gnomes, 
kobolds,  and  fairies.  'The  demeanor  and  actions  of  the  little  Congo 
dwarfs  at  the  present  day  remind  one  over  and  over  again  of  the  traits 
attributed  to  the  brownies  and  goblins  of  our  fairy  stories.  Their 
remarkable  power  of  becoming  invisible  by  adroit  hiding  in  herbage 
and  behind  rocks,  their  probable  habits  in  sterile  or  open  countries  of 
making  their  homes  in  holes  and  caverns,  their  mischievousness  and 
their  prankish  good  nature,  all  seem  to  suggest  that  it  was  some  i-ace 
like  this  which  inspired  mojjt  of  the  stories  of  Teuton  and  Celt  regard- 
ing a  dwarfish  people  of  quasi-supernatural  attributes.  The  dwarfs  of 
the  Congo  forest  can  be  good  or  bad  neighbors  to  the  big  black  people 
according  to  the  treatment  they  receive.  If  their  elfish  depredations 
on  the  banana  groves  or  their  occasional  thefts  of  tobacco  or  maize  are 
condoned,  or  even  if  they  are  conciliated  by  small  gifts  of  such  food 
left  exposed  where  it  can  be  easily  taken,  they  will  in  return  leave 
behind  them  in  their  nightly  visitations  gifts  of  meats  and  products  of 
the  chase,  such  as  skins  or  ivory.  I  have  been  informed  by  some  of 
the  forest  negroes  that  the  dwarfs  will  occasionally  steal  their  children, 
and  put  in  their  places  pygmy  babies  of  ape-like  appearance — change- 
lings, in  fact — bringing  up  the  children  they  have  stolen  in  the  dwarf 
tribe.  These  collections  of  pygmies,  which  one  can  scarcely  call  tribes, 
certainly  exhibit  from  time  to  time  individuals  of  ordinary  stiiture,  and 
with  features  not  strongly  resembling  those  of  the  pygmy  type. 

<^The  resemblance  of  the  dwarf  typea  in  West  Elgon  to  the  Congo  pygmies  is 
unquestionable;  but  I  am  not  sure  that  the  dwarf  element  in  the  Doko  of  northeast 
Africa  and  the  Andorobo  is  not  of  Bushman  characteristics. 
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TWO   TV1'K8   OF    HWAKKS, 

The  Congo  pygmies  appear  to  be  diri«ililc  into  two  typof,  iiccoi-diiig 
to  my  own  olwervations  and  to  tlio»c  of  preceding  tmvclers — one  with 
a  reddish  or  yellowish-bi-own  skin  and  a  tendeni-y  to  red  in  the  head 
hail,  and  the  other  a  bla4;k-»kjnnedt3'pc  with  entirely  black  head  hair. 
It  is  possible  that  the  original  tyjxs  of  dwarf  had  ii  dirty  brown  skin, 
and  a  tendency  to  red  lioth  in  the  body  and  head  hair,  and  that  this 
type  mingled  anciently  with  the  first  true  negro  invaders  of  the  forest — 
a  people  with  decidedly  black  skins — and  produced  a  black  type  of 
dwarf,  wJiich  now  seems  to  exist  conjointly  with  the  red  or  yellow 
pygmy;  that  is  to  say,  in  the  same 
family  of  pygmies   there   may   he 
both   types.     In   stature,    [wrhaps, 
the  black  type  tends  to  be  slightly 
taller  than  the  other.     The  tallest 
specimen  of  pygmy  measured  by  nie 
or   l)y   my  assistants  was  about  5 
feet  in  height;  but  the  avemge  aiti-      , 
tude  for  men  was  4  feet  7  inches,      I 
and   for   women   4   feet    2   inches. 
Several  of   the   men   measured   by 
me  were   only  4  feet  3   inches   in 
height.     One  adult  woman  Was  just 
under  4  feet.     There  are  two  fea- 
tures  which   markedly   distinguish 
these  dwarfs  from  other  negroes— 
the  shape  of  the  nose  and  the  long 
upper  lip.     The  nose  has  a  very  low 
bridge,  and   is  exceedingly  broad. 
The  upper  lip,  besides  being  lonjf 
and  prognathous,   is  not  so  much 
everted  as  in  the  ordinary  negro. 
The  chin  is  very  weak  and  teceding. 
The   neck   is   short,  and   the   head   , 
is  sunk  i-ather  between  the  shoul- 
ders, though  not  so  markedly  as  in      ""^  *"' 

the  ape-like  types  referred  to  in  the  tirst  jtartof  this  article.  The  legs 
are  short  in  proportion  to  the  body,  though  they  are  usually  sturdy 
little  limbs.  The  feet  are  rather  large,  and  much  inclined  to  turn  in, 
with  the  big  toes  pointing  inward  when  they  are  brought  together  in  a 
standing  attitude.  Hair  on  the  face  is  present  in  many  of  the  dwarfs. 
Some  of  the  dwarfs  have  distinctlj'  long  beards,  but  1  have  myself  seen 
only  one  with  a  beard  of  <>  inches  in  length.  Itelgians  and  Arabs  who 
have  ti-aveled  thi-ough  the  Congo  forests  have,  however,  as'jured  me 
that  they  have  met  dwarfs  at  times  who  [Kwsessed  beards  of  consider- 
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able  length.  The  hair  on  the  body  is  really  of  two  kinds.  There  is, 
first,  in  many  of  the  dwarfs — men  and  women — a  survival  in  the  adult 
of  that  hair  which -appears  in  the  fetus  in  all  human  races,  a  soft 
brownish  down.  In  addition  to  this  survival  of  prehuman  hair,  the 
dwarfs  possess,  very  often  markedly,  a  development  of  hair  that  is 
peculiarly  associated  with  the  human  species — nameh' ,  a  fairly  thick 
growth  over  the  chest  and  stomach,  in  the  armpits,  and  in  the  pubic 
region;  also  on  the  arms  and  legs.  It  is  on  the  under  parts  of  the 
bod3%  curiously  enough,  that  apes  and  monkeys  tend  to  a  decrease  of 
hair.  It  is  therefore  somewhat  curious  that  where  body  hair  most 
frequentl}^  appears  in  the  human  luce,  it  should  be  so  often  on  the 
under  side  of  the  body,  where  (especially  in  the  slightly  stooping  atti- 
tude w^hich  early  man  assumed)  the  hair  is  of  less  protection  to  the 
skin  from  the  rain  than  if  it  grow  on  the  back.  In  the  pygmies  this 
human  body  Jiair  on  the  chest  and  stomach  is  black  or  blackish  brown, 
and  curly,  like  the  hair  of  the  head. 

The  dwarfs  seldom  wear  anything  in  the  way  of  ornament,  and  go 
about  in  their  forests  quite  naked;  but  when  in  contact  with  negroes 
who  wear  a  certain  amojint  of  clothing,  the  dwarfs  will  put  on  an  apron 
of  leaves  or  bark  cloth  sufficient  to  serve  the  purposes  of  decenc3\ 
Their  ears  are  not  pierced.  The  onl}'^  aesthetic  adornment  which  they 
appear  to  adopt  is  the  piercing  of  two  holes  in  the  upper  lip.  (This 
can  be  clearly  seen  in  the  head  and  bust  of  a  dwarf  woman.)  Into  the 
punctures  they  insert  flowers,  teeth,  or  porcupine  quills. 

HOW   THEY   LrVE   IN   THE   FOREST. 

The  dwarfs  are  excessively  shy  in  the  forest,  and  are  only  visited 
with  the  greatest  difficulty.  They  usually  seem  at  the  present  day  to 
attach  themselves  in  their  communities  to  the  outskirts  of  the  tribes 
of  big  negroes,  with  whom  the}"  usually  enter  into  friendly  relations. 
For  a  white  man  to  see  them  in  their  homes  it  requires  that  one  of 
these  big  negroes  who  is  in  friendly  relations  with  the  pygmies  should 
go  out  into  the  forest  and  call  to  them  loudly  and  repeatedly  before  a 
pygmy  has  sufficient  confidence  to  show  himself.  Once  their  confi- 
dence is  gained  they  will,  no  doubt,  come  in  numbers.  Even  then  it 
is  extremely  difficult  to  make  inquiries  of  them  concerning  their  life 
and  customs. 

The  Congo  pygmies  keep  no  domestic  animals,  and  do  not  practice 
agriculture.  They  live  entirely  by  hunting,  and  eat  the  flesh  of  mon- 
keys, of  almost  all  other  beasts,  and  birds,  which  the}^  capture  in  their 
snares  or  shoot  with  their  arrows,  and  they  also  feed  on  certain  grubs, 
on  honey,  and  on  the  bee  grubs  found  in  the  honeycomb.  They  rs,nge 
the  forests  fai*  and  wide,  indifl'erent  whether  they  lose  their  way  or 
not,  since  they  sleep  and  feed  in  the  forests  and  are  in  a  sense  always 
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at  home.  Seemingly  they  have  only  known  the  use  of  metal  (iron)  by 
their  contact  with  negrpes  of  superior  race.  Before  this  contact  they 
seem  to  have  used  weapons  and  implements  of  wood,  possibly  also  of 
stone.  Even  at  the  present  day  they  not  infrequently  use  wooden 
arrows.  ^ 

Their  huts  are  about  4  feet  high  and  about  4  feet  in  diameter,  and 
are  usually  built  of  withes  or  branches  stuck  into  the  ground  at  both 
ends,  in  a  semicircle.  Over  this  framework  of  bent  boughs  a  thatch 
of  large  leaves  is  laid  on,  and  a  small  hole  is  left  at  the  side,  through 
which  the  little  pigmy  crawls  in  to  lie  on  his  bed  of  leaves.  The  hus- 
band and  wife  (they  seldom  marry  more  than  one  wife)  may  share  the 
same  hut,  but  the  children  as  soon  as  they  have  left  the  breast  are  put 
each  into  little  huts  by  themselves.  Some  of  these  tiny  habitations  are 
absurdly  small. 

NO   LANGUAGE   OF   THEIR   OWN. 

The  dwarfs  appear  to  have  no  language  of  their  own,  but  simply  to 
talk  more  or  less  imperfectly  the  tongue  of  the  big  negroes  who  are 
their  nearest  neighbors.  Thus  the  dwarfs  whom  Stanley  encountered 
on*  his  various  journe^^s  across  Congoland  were  always  found  to  be 
speaking  corrupt  Bantu  dialects,  or  in  one  instance  a  language  scarcely 
differing  from  Manyema.  Their  pronunciation  of  these  languages  is 
imperfect,  and  they  are  much  given  to  replacing  certain  consonants 
by  little  gasps,  and  sometimes  by  a  sound  which  faintly  recalls  the 
South  African  click.  They  speak  with  a  singularly  musical  intonation, 
their  speech  being  almost  intoned.  Their  pronunciation  of  words  is 
rather  staccato,  each  syllable  being  pronounced  separatel}^  and  dis- 
tinctly.    *    *    * 

It  is,  of  course,  a  hard  thing  to  believe  that  prior  to  the  invasion  of 
the  great  west  centml  African  forest  by  the  big  black  agricultural 
negroes  the  pygmy  autochthones  possessed  no  language  but  inarticulate 
cries  and  gestures.^  Nevertheless,  it  would  seem  to  be  a  fact  that  the 
pygmies,  though  so  distinct  a  race,  have  no  language  peculiar  to  their 
race,  but,  wherever  they  are,  speak  (often  imperfectly)  the  tongue  of 
their  nearest  agricultural,  settled,  normal-sized  neighbors.  Again,  it 
is  strange  that  this  little  people  should  speak  imperfectly  these  bor- 
rowed tongues,  because  individuals  transported  from  the  pigmy  milieu 
have  picked  up  rapidly  and  spoken  correctly  Sudanese  Arabic,  Run- 
yoro,  Luganda,  Kiswahili,  and  Kinyamwezi.  It  is,  however,  less  sin- 
gular an  anomaly  than  the  contrast  between  the  brutish  lives  led  by 
the  pygmies  in  their  wild  state — lives,  perhaps,  in  absence  of  human 
culture  nearer  to  the  beast  than  is  the  case  with  an}''  recently  existing 

a  I  was  much  etnick,  and  so  were  my  European  companions,  at  the  expressive  ges- 
tures used  by  the  pygmies  in  eking  out  their  conversation.  One  often  conversed 
with  them  in  gestures. 
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nu'e  of  men  known  to  us — mid  the  vivacioiw  intelligence,  mental  luiroit- 
nerts,  almost  fairy -like  doftnesM  they  exhibit  when  dwellingwith  Kuro- 
peans.     No  one  ean  fail  to  Ixs  struck  with  the  inentul  Huperiority  Ihcy 
exhibit  under  these  novel  cirwumstances over  the  Itig  negro,  whose  own 
culture  in  hiH  own  home  is  distinctly  higher  than  that  of  the  foi'cst 
pygmies.     •     •     •     They  are  very  fond  of  singing  and  dancing,  and 
the  little  songs  that  they  erooii  arc  distinctly  melodious,  while  specta- 
tors are  kept  in  tits  of  laughter  by  their  truly  droll  and  elfinh  antics. 
When  they  give  a  musical  performance  they  are  fond  of  seating  them- 
selves in  a  semicircle.     In  their  own  homes,  on  these  occasions,  they 
beat  drums,  which  are  uiade  of  sections  of  hollow  trees  covered  with 
skin.     While  thus  seated,  and  beating  drum.s,  they  chant  songs,  and 
dance,  so  to  speak,  all  over  their  bodies,  striking  the  ground  with  their 
elbows  and  hips,  knees  and  hands,  wagging  their  heads,  and  heaving 
their  stomaclis  up  and  down. 
The  dantres  which  they  per- 
form upright  are  sometimes 
of    a    markedly     indelicate 
kind,  though  the  dwarfs  sepin 
only  to  be  carrying  out  the 
ancient  traditions. 

IMITATIVK    AS1>   A1>A1T1VK. 

The  Congo  dwarfs,  though 
they    may   exhibit  ape-like 
features  in  their  bodies,  and 
,r"  /^,  though   in  their  natural  life 

they  are  absolutely  eavape, 
oba  iirKn.  display  nevertheless  a  certain 
alertness  which  gives  one  the 
imprecision  that  they  possess  quicker  intelligence  and  a  greater  adapt- 
ability of  mind  than  the  ordinary  big  negro.  They  are  admirable 
mimics.  They  learn  languages  easily,  though  they  may  speak  them 
with  a  defective  pronunciation.  The  little  dwarf  women  readily  attach 
themselves  to  negroes  of  the  big  races,  and  make  affectionate  and 
dutiful  wives.  When  Captain  (now  GenemI  Sir  Frederic)  Lugai-d 
journeyed  through  the  Semliki  forests,  the  Sudanese  soldiers  by  whom 
he  was  accompanied  brought  away  with  them  several  dwarf  women 
whom  they  married.  It  used  to  be  an  amusing  sight  to  see  huslmnd 
and  wife  together,  the  husband  perhaps  6  feet  in  stature  and  broad  in 
proportion,  and  the  little  wife  4  feet  only,  and  disproportionately 
broad. 
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AN   IMPORTATION  OF   DWARFS  INTO  THIS   COUNTRY. 

American  readers  may  be  interested  to  learn  that  it  is  possible 
there  still  exist  at  the  present  day  traces  of  African  dwarf  races  in  the 
negro  population  of  the  West  Indies.  This,  at  any  rate,  was  the  case 
forty  or  fifty  years  ago.  There  is  a  tradition  to  the  effect  that 
among  the  slaves  shipped  from  the  Congo  regions  at  the  end  of  the 
eighteenth  century  were  specimens  of  dwarf  races  from  the  far  inte- 
rior. In  Trinidad  and  some  of  the  southern  islands  of  the  West 
Indies  these  little  people  remained  for  a  time  distinct  from  the  other 
slaves,  and  people  of  my  acquaintance  .still  living  have  seen  and  spoken 
to  them.  They  were  recognized  at  the  time  as  being  quite  distinct 
from  the  ordinary  negro  type,  and  were  generally  known  as  the 
"  Congo  dwarfs." 


GUAM  AND  ITS  PEOPLE.- 


By  W.  E.  Safford. 


The  Marianne  Islands,  or  Ladrones,  form  a  chain  about  420  miles 
long  in  a  north  and  south  direction  and  lying  about  four  days'  run  by 
steamer  to  the  eastward  of  the  Philippines.  More  definitely  speaking, 
they  extend  from  13^  14'  to  20^  30'  north  latitude  and  lie  between 
142^  31'  and  143°  46'  east  longitude.  They  are  of  volcanic  origin  and 
are  surrounded  bv  coral  reefs.  In  the  northern  islands  there  are  a 
number  of  volcanoes  in  full  activity,  but  in  the  south  volcanic  action 
had  ceased  long  before  their  discovery. 

Guam,  the  largest  and  most  important  member  of  the  group,  is  the 
only  island  belonging  to  the  United  States,  the  remainder  having  been 
sold  by  Spain  to  Germany  after  the  close  of  the  late  war.  It  is  at  the 
extreme  south  of  the  chain  and  at  pi-esent  has  a  population  of  9,676.* 
The  island  is  of  irregular  shape  and  is  about  29  miles  long  from  north- 
noitheast  to  south-southwest.  At  its  narrowest  part,  near  the  middle, 
it  is  less  than  4  miles  across;  near  the  ends  the  breadth  is  from  7  to  9 
miles. 

The  northern  portion  of  the  island  consists  of  a  mesa,  or  plateau,  an 
ancient  coral  reef,  elevated  about  150  feet  above  the  sea  level,  with 
one  or  two  peaks  of  no  great  height  extending  through  it.  It  is  with 
out  streams  or  springs,  owing  to  the  porous  nature  of  the  coral,  except 
in  the  inmiediate  vicinity  of  the  peaks  referred  to,  where  in  the  wet 
season  there  is  for  a  time  a  supply  of  water.  Near  the  middle  of  the 
island,  m  the  immediate  vicinity  of  Agana,  the  capital,  there  is  a  large 
spring  from  which  a  copious  supply  of  water  issues.  This,  after  slowly 
oozing  through  an  extensive  swamp — an  ancient  lagoon — finds  its  way 
into  the  sea  b}-  means  of  a  river,  the  channel  of  which  has  l>een 
artificially  lengthened  and  turned  for  a  mile  parallel  to  the  c  ^ast  for 
the  convenience  of  the  natives.  The  southern  portion  of  the  island  is 
piincipally  of  volcanic  fomiation,  with  several  peaks  which  scarcely 
exceed  a  thousand  feet  in  height.     It  contains  a  number  of  streams, 


oReprinteil  by  permiaeion,  after  revision  by  the  author,  from  the  American 
Anthropologist  (N.8.),  vol.  4,  October-December,  1902.  See  also  "The  Chamorro 
language  of  Guam/'  by  the  same  author,  in  American  Anthropologist  (N.  S. ),  vol.  5, 
pp.  289  ff . 

^Thisnuml)er  refers  to  the  actual  residents. of  the  island  and  does  not  include 
visitors  nor  the  United  States  forces  stationed  there.  The  figures  are  taken  from  the 
censosof  1901,  and  were  kindly  communicated  to  me  by  Don  Pedro  Duarte,  late 
captain  in  the  Spanish  army,  now  a  resident  of  the  island. 
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some  of  which  lose  themselves  beneath  the  surface  for  a  time  and 
reappear  issuing  from  caverns.  As  in  most  calcareous  formatioDS, 
funnel-shaped  sink  holes  are  of  frequent  occurrence,  the  water  drain- 
ing into  them  sometimes  reappearing  near  the  beach  in  the  form  of 
springs,  or  spurting  forth  in  places  from  beneath  the  sea. 

Soil. — Near  the  junction  of  the  volcanic  and  coral  formations  the 
limestone  presents  a  crystalline  structure,  pure  crystals  of  carbonate 
of  lime  being  frequently  found;  and  nodules  of  flint  similar  to  those 
from  European  chalk  formations  are  met  in  certain  localities.  The 
soil  of  the  greater  part  of  the  island  is  thin  and  red.  It  owes  its  color 
to  the  oxide  of  iron  present  in  the  disintegrated  coral  of  which  it  is 
principally  composed.  In  the  valleys  and  forests  there  is  an  accumu- 
lation of  vegetable  mold,  and  in  swampy  places  the  soil  is  black,  rich, 
and  suitable  for  the  cultivation  of  rice. 

Climate. — Guam  is  situated  on  the  dividing  line  between  the  north- 
east trade  winds  and  the  area  of  the  monsoons  of  the  China  Sea.  From 
December  to  June  the  prevailing  winds  are  from  the  northeast,  the 
temperature  is  agreeable,  the  nights  cool,  and  the  air  is  refreshed  by 
occasional  showers.  The  most  agreeable  months  are  March,  April, 
May,  and  June.  During  July  and  August  southwest  winds  are  fre- 
quent and  are  accompanied  by  heavy  rain  squalls.  Hurricanes  may 
occur  at  almost  any  time  of  the  year.  They  may  be  expected  at  the 
changes  of  the  monsoons  and  are  most  frequent  in  the  months  of  Octo- 
ber and  November.  They  are  often  of  such  violence  as  to  blow  down 
the  greater  part  of  the  native  houses,  laying  waste  the  maize  and  rice 
flelds,  uprooting  or  breaking  off  cocoanut  trees,  destroying  the  bread- 
fruit crop,  tearing  to  shreds  plantains  and  banana  plants,  and  killing 
fowl  and  cattle.  Vessels  at  anchor  in  the  harbor  are  frequently  swept 
from  their  moorings  and  cast  upon  the  reef,  as  the  letter  books  of  the 
Spanish  governors  of  the  island  will  show.  Hurricanes  are  usually 
followed  by  scarcity  of  food.  The  natives,  who  very  seldom  have  a 
reserve  on  hand,  are  obliged  at  such  times  to  go  to  the  forest  for  wild 
yams  and  cycas  nuts. 

Earthquakes  are  also  frequent,  but  are  not  often  violent.  One  of 
the  most  severe  the  island  has  known  in  historical  times  was  that  of 
1849,  which  destroyed  the  church  and  the  government  house  in  the 
village  of  Umata.  Not  long  afterwards  a  number  of  natives  of  the 
Caroline  Islands  appeared  at  Guam,  stating  that  their  islands  had  been 
swept  by  enormous  waves,  and  begging  the  governor  for  an  asylum. 
The  most  recent  occurred  September  22,  1902,  causing  serious  injury 
to  the  building  used  as  the  marine  barracks,  and  killing  several 
natives. 

Vegetati'07u — The  flora  of  Guam,  though  possessing  a  number  of 
species  not  known  from  other  localities  bears  a  general  resemblance  to 
that  of  many  other  volcanic,  coral-fringed  islands  of  the  Pacific.     In  the 
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forests  are  wild  breadfruit  trees  of  great  size;''  giant  banyans  and 
other  species  of  the  IJg  famil}^;  tall  trees,  with  hard,  mahogany -like 
wood;  arboreous  ApocynaceoB,  several  species  of  screw  pines;  and  a 
wealth  of  ferns  growing  on  the  gi*ound,  climbing  tree  trunks,*or 
perched  upon  the  branches  like  great  birds'  nests.  In  rocky  places 
^row  the  ramie-fiber*  plant,  in  its  wild  state  as  a  branching  shrul)  or 
small  tree,  and  a  cycad,  resembling  a  tree  fern,  with  glossy,  plume- 
like fronds.^  In  the  savannas,  or  places  devoid  of  forest  growth, 
occur  vast  stretches  of  a  coarse  gi-ass  called  neti,  patches  of  a  brake- 
like fern,  ^  and  scattered  ironwood  trees.'  The  ironwood  grows  also 
along  the  sandy  beaches,  especially  on  the  east  coast  of  the  island, 
where  the  trees  present  a  twisted  and  battered  appearance,  from  the 
constant  trade  winds  and  the  effects  of  the  frequent  hurricanes.  In 
the  rich  valleys  the  betel-palm  is  plentiful;-^ and  near  the  banks  of 
streams  grow  a  tree  fern  (Alsophila)  and  giant  arums. ^  Twining  in 
the  thickets  are  several  species  of  morning-glories,  plants  of  the  bean 
family,  wild  3^anLs,  with  sharp,  wiry  branching  thorns,  and  a  peculiar 
leafless,  wiry  parasite.^*  In  the  swamps  are  dense  growth  of  reeds 
and  marsh  ferns.  The  vegetation  along  the  beach  is  like  that  of  most 
tropical  shores,  made  up  of  goats-foot  convolvulus,  sea  beans,  and 
shrubby  plants  with  fleshy  and  hairy  leaves.  On  the  rocky  islets, 
besides  the  Cycas  mentioned  above,  grows  a  fine  hard-wood  tree  called 
chopag  by  the  natives.*  In  the  swamps  are  tangled  growths  of  man- 
groves propped  up  on  atrial  roots  and  crimson-flowered  Lumnitzeras. 

It  may  be  of  interest  to  those  unfamiliar  with  Pacific  insular  floras 
to  note  the  absence  of  pines,  cedars,  willows,  walnuts,  birches,  cacti, 
and  plants  belonging  to  the  rose  family;  there  are  few  composites  and 
but  one  or  two  cmcifers.  It  is  probable  that  none  of  the  palms  are 
indigenous,  with  perhaps  the  exception  of  a  wild  rattan  (Calamus)  of 
no  economic  value. 

Fauna, — Besides  rats  and  mice  the  only  mammals  are  a  large  fruit- 
eating  bat,  or  flying  fox;-'  a  small  insectivorous  bat  which  during  the 
daytime  remains  in  caves;  wild  hogs,  and  a  species  of  deer  introduced 
into  the  island' by  Don  Mariano  Tobias,  who  was  governor  from  1771 
to  1774.  The  deer  are  now  so  abundant  as  to  cause  serious  damage  to 
the  corn  crops  and  young  cocoanuts.  Goats  are  also  to  be  found  on 
several  of  the  outlying  islets.  Cattle  and  carabaos,  or  water  buffalo, 
have  been  introduced  and  are  used  both  for  food  and  as  beasts  of 
burden. 

Among  the  birds  are  several  species  of  fruit  doves,  a  pretty  little 
fan-tailed  flycatcher,  scarlet-and-black  honey  eaters  with  long,  slender 


^  Artocarpiut  communis. 

^  Jiahmeria  nirea^  var.  tenacisahna. 

**  CtfcaH  circinalk, 

'^  Gleichenia  dichotoma. 

f  Camiarhin  eqniaeiifolm. 


f  Areca  catechu. 

y  Ah((una  a])j). 

It  Cnwylha  Jiliformut. 

*  A  Bpecies  of  Ochroc'arpup. 

J  Ptirapus  keratidreiii. 
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curved  beaks,  black  starlings,  a  crow,  a  tawny-and-blue  kingfisher 
(Halcyon),  which  preys  on  lizards  and  insects  ipstead  of  fish,  the  swift 
that  makes  edible  nests,  a  little  flycatcher  named  for  De  Freycinet,  a 
small  Zosterops  with  olive-green  and  yellow  plumage,  two  rails  (Hypo- 
taenidia  and  Poliolimnas),  and  a  gallinule,  which  frequent  the  swamps 
and  taro  patches;  and  along  the  shores  a  heron,  a  bittern,  two  curlews, 
the  Pacific  godwit,  several  sandpipers,  plover,  the  wandering  tattler, 
sanderling,  snipe,  and  turnstones.  The  only  bird  of  prey  known  to 
occur  is  the  widely  spread  short-eared  owl,**  called  momo  b}'  the 
natives.  The  most  beautiful  of  the  birds  are  the  fruit  doves,  one  of 
which  ^  belongs  to  a  group  widely  spread  in  the  Pacific,  having  rosy 
crowns,  green  backs,  and  yellow,  purple,  and  orange  plumage  on  the 
under  surface.  The  only  song  bird  is  the  reed  warbler,^  a  modest 
bird  bearing  a  general  resemblance  to  our  catbird  and  having  an 
exquisite  song. 

Among  introduced  species  are  the  beautiful  little  Chinese  partridge, ** 
brought  to  the  island  in  recent  years  by  Don  Pedro  Duarte,  and  the 
Philippine  turtledove.  There  is  also  a  fruit-eating  dove,  interesting 
from  the  great  dissimilarity  between  the  adult  male  and  the  female.*' 
The  former,  called  ^^apaka"  by  the  natives,  is  considerably  the  larger 
and  has  a  white  head.  The  latter,  called  "paloman  kunau,"  is  of  an 
almost  uniform  chocolate  color.  The  natives  think  them  to  be  diflFer- 
ent  birds  which  live  together. 

The  best  game  bird  is  a  wild  duck,  Ana»  oustaleti^  a  species  peculiar 
to  the  island,  but  closely  allied  to  Anaa  superciliaris^  which  occurs  in 
Samoa.  Curlew,  gallinules,  plover,  and  doves  are  also  hunted  by  the 
natives  for  food.-^ 

Among  the  reptiles  are  a  large  lizard  (Varannus)  which  robs  bird's- 
nests  and  eats  young  chickens  and  pigeons,  a  blue-tailed  skink,  one  or 
two  geckos  which  frequent  the  houses  of  the  natives  and  run  about 
the  ceilings  and  walls  catching  insects,  and  a  small  snake  (T5'phlops), 
very  much  in  general  appearance  likean  earth  worm,  but  with  a  hard, 
glossy  skin  composed  of  minute  scales. 

Several  species  of  land  crabs  occur,  including  the  curious  Birg}is 
latro^  or  ^'robber  crab,"  kept  by  the  natives  in  captivity  and  fattened 
on  cocoanuts  for  the  table.  In  the  streams  there  are  shrimps  and  on 
the  shores  spiny  lobsters;  both  of  these  are  highly  esteemed  for  food. 
A  full  list  of  the  fishes  and  birds  is  given  in  the  report  of  the  director 

f'Asio  nccipitrinun. 
f>  Ptilinopus  roseicapUliu. 
c  Acrocejihafm  luscinia. 
rf  Elxcaljacioria  ninerms. 
*  Pklegamas  ranthonura. 

/See  ** Birds  of  the  Marianne  Islands  and  Uieir  vernacular  names,*'  by  W.  E. 
Safford,  The  Osprey,  March-Apnl,  1902, 
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of  the  Bernice  Pauahi  Bishop  Museum  of  Hawaii  for  1900,  the  result 
of  the  work  of  Mr.  Alvin  Seale,  who  collected  on  the  island  in  1900. 

Discovery, — The  island  of  Guam  was  discovered  I)}-  Magellan  on 
March  6,  1521,  after  a  passage  of  three  months  and  twent}'  days  from 
the  strait  which  bears  his  name.  Among  the  accounts  written  of  his 
expedition,  that  of  Antonio  Pigafetta,  of  Vicenza,  who  accompanied 
him,  is  full  of  valuable  and  interesting  details.  Pigafetta  tells  of  the 
terrible  suffering  of  his  companions  on  their  way  across  the  waters  of 
the  unexplored  ocean;  how  their  food  failed,  until  they  had  only 
crumbling  biscuit  full  of  maggots  to  eat,  all  foul  from  the  excrement 
of  rats;  how  the}"  were  forced  to  eat  the  rats  themselves,  which  brought 
a  price  of  half  a  crown  each,  and,  moreover,  "enough  of  them  could 
not  be  got;"  how  they  even  resorted  to  sawdust  of  wood,  and  the  ox- 
hides used  as  chafing  gear  in  the  rigging  under  the  main  yard,  all 
stiffened  and  hardened  by  sun,  rain,  and  Wind,  soaking  them  for  sev- 
eral days  in  the  sea,  and  then  putting  them  ''a  little  on  the  embers." 
The  Wiater  they  had  to  drink  was  yellow  and  stinking,  and  the  gums 
of  nearly  all  were  swollen  with  scurvy,  and  nineteen  died,  and  twenty- 
five  or  thirtv  others  fell  ill  '^of  divers  sicknesses,  both  in  the  arms 
and  legs  and  otiier  places,  in  such  manner  that  very  few  remained 
healthy."       . 

Two  islands  were  sighted,  but  only  biixls  and  trees  were  found  upon, 
them  and  no  supplies  could  be  obtjiined.  These  they  called  the  Unfor- 
tunate Islands.  Finally  three  other  islands  were  sighted,  covered  with 
rich  vegetation  and  inhabited  by  many  people,  who  came  out  to  meet 
them  in  wonderful  canoes,  which  seem  to  fairly  fly  over  the  water. 
The  sails  were  triangular-shaped  mats  woven  of  pandanus  leaves  and 
were  supported  on  a  yard  after  the  manner  of  lateen  sails.  The  mast 
was  amidships.  Instead  of  going  about  in  tacking  they  simply  shifted 
the  sheet  of  the  sail  from  one  end  of  the  canoe  to  the  other,  so  that 
which  had  been  the  bow  became  the  stern,  and  the  stern  became  the 
bow.  Parallel  to  the  fore-and-aft"  line  there  was  an  outrigger  or  log, 
rigidly  connected  with  the  hull  by  cross  pieces  and  resting  upon  the 
surface  of  the  water.  This  served,  both  by  its  weight  and  buoyancy, 
to  keep  the  narrow  craft  from  capsizing,  and  was  kept  always  on  the 
windward  side  by  shifting  the  sheet  as  described  above.  All  of  the 
boats  were  painted,  some  black  and  others  red.  They  had  paddles  of 
t^e  form  of  hearth  shovels,  which  could  be  used  for  steering  or  pro- 
pelling the  boats.^* 

The  ships  came  to  anchor  near  a  village  on  the  southernmost  island, 
and  the  natives  brought  them  refreshment  of  fruits.     The  sails  were 

f^  **Hanno  il  timone  simile  ad  una  pala  da  fornaio,  cioe  una  i>€rtica  con  una  tavola 
in  cima;  e  doppio  essendo  questo  timone  o  remo,  fanno  a  piacer  loro  di  poppa 
prora,"— Pigafetta,  Primo  Viaggio  intorno  al  Globo  Terracqueo,  Milano,  MDCCC, 
p.  53. 
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furled  and  preparations  were  made  to  land,  when  it  was  discovered 
that  the  skiff  which  rode  astern  of  the  flagship  was  missing.  Suspect- 
ing that  the  natives  had  stolen  it,  the  captain-general  went  ashore  with 
40  armed  men,  burned  forty  or  fifty  houses  and  many  boats,  and  killed 
seven  or  eight  native  men  and  women.  He  then  returned  to  the  ship 
with  his  skiff  and  immediately  set  sail,  continuing  his  course  to  the 
westward. 

"Before  we  went  ashore  [sajs  Pigafetta]  some  of  our  people  who 
were  sick  said  to  us  that  if  we  should  kill  any  of  them,  w^hetner  man 
or  woman,  that  we  should  bring  on  board  their  entrails,  being  per- 
suaded that  with  the  latter  they  would  be  cured. 

''When  we  wounded  some  of  those  islanders  with  arrows,  which 
entered  their  bodies,  they  tried  to  draw  foi-th  the  arrow  now  in  one 
way  and  now  in  another,  in  the  meantime  regarding  it  with  great  aston- 
ishment, and  thus  did  the^-  who  were  wounded  in  the  breast,  and  they 
died  of  it,  which  did  not  fail  to  cause  us  compassion. 

"Seeing  us  taking  our  departure  then,  the}'  followed  us  with  more 
than  a  hundred  )x)ats  for  more  than  a  league.  They  approached  our 
ships,  showing  us  fish  and  pretending  to  wish  to  give  tnem  to  us;  but 
when  they  were  near  they  cast  stones  at  us  and  fled.  We  jmssed  under 
full  sail  among  their  boats,  which  with  greatest  dexteritv  escaped  us. 
We  saw  among  them  some  women  who  were  weeping  and  tearing  theii 
hair,  surelv  for  their  husbands  killed  ])v  us." 

Alxjr!(ji7ial  inhuhltantH, — The  natives  were  described  by  the  early 
navigators  and  missionaries  as  people  of  the  stature  of  Europeans. 
They  were  lighter  in  color  than  the  Filipinos,  and  the  women  and 
children  w^ere  fairer  than  the  men.  At  the  time  of  the  disco verv 
the  men  wore  their  hair  loose  or  coiled  in  a  knot  on  top  of  the  head. 
Later  they  are  described  as  shaving  the  head,  with  the  exception  of  a 
crest  about  a  finger  long,  which  they  left  on  the  crown.  Some  of 
them  were  })earded.  Pigafetta  sa3^s  that  they  were  well  formed,  and 
in  the  report  of  the  early  missionaries  they  were  said  to  be  more  cor- 
pulent and  robust  than  Europeans,  but  with  a  tendency  to  obesity. 
They  were  remarkabU^  free  from  disease  and  physical  defects,  and 
lived  to  a  great  age.  Among  those  baptized  the  finst  year  by  the 
missionaries  there  were  more  than  120  said  to  })e  past  the  age  of  100 
years.  Their  hair  was  naturally  jet  black,  and  in  early  times  was 
worn  so  long  by  the  women  as  to  touch  the  ground.  The  men  wore 
no  clothing,  and  the  only  covering  of  the  women  was  a  small  apron- 
like garment  made  of  the  inner  bark  of  a  tree.  The  women  wei*e 
handsome,  and  more  delicate  in  figure  than  the  men.  They  did  not 
work  in  the  fields,  but  occupied  themselves  in  weaving  basket*^,  niatit, 
and  hats  of  Pandanus  leaves,  and  doing  other  necessary  work  about 
the  house/' 

"  Li»  donne  pon  l^elle,  di  fijjura  Hvelta,  piu  delicate  t*  bianche  degli  uoniini,  con 
cajjegli  iierissiini  sciolti  e  lunghi  fino  a  torra.  Vanno  pur  esse  igmide,  He  non  che 
coprono  le  j)arti  vei^gnose  con  una  corteccia  stretta  e  sottile  quanto  la  carta,  tratta 


Fk3.  1.— Entrance  to  Aqa^a,  the  Capital  of  Guam. 


Fig.  2.— The  Briooe  Between  Pigo  and  Anigua. 
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In  their  general  appearance,  language,  and  customs  the  people  of 
Guam  bore  a  resemblance  to  the  Tagalos  and  Visayans  of  the  Philip- 
pine Islands.  The  vocabulary,  however,  was  distinct,  with  the  excep- 
tion of  a  few  words  of  Malayan  affinity  widely  spread  over  the  Pacific 
(such,  for  instance,  as  the  names  of  sky,  fowl,  fire,  and  a  few  others). 
Their  grammatical  forms  were  very  diflferent  from  those  of  the  Polyne- 
sians, tenses  being  expressed  by  the  reduplication  of  syllables  and  the 
insertion  and  prefixing  of  particles  to  the  root  of  the  verb. 

Before  marriage  it  was  customary  for  young  men  to  live  in  concu- 
binage with  girls,  whom  they  purchased  from  their  parents  by  pres- 
ents. This  did  not  injure  a  girl's  prospects  for  marriage  afterwards. 
Frequently  a  number  of  young  men  and  young  girls  would  live 
together  in  a  large  public  house.  After  marriage  a  husband  contented 
himself  with  one  wife  and  a  wife  with  one  husband  at  a  time. 
Divorces  were  frequent,  the  childi'en  and  household  property  always 
going  with  the  wife.  The  most  fre(iuent  cause  of  divorce  was  jeal- 
ousy. If  a  woman  discovered  her  husband  to  be  unfaithful,  she  called 
together  the  other  women  of  her  village,  who  armed  themselves  with 
spears  and  proceeded  to  the  house  of  the  offender.  They  would  then 
destroy  any  growing  crops  he  might  own  and  menace  him  with  the 
spears  until  he  was  forced  to  flee  from  the  house.  Then  they  took 
possession  of  ever^^thing  they  could  find,  and  \sometimes  even  destroyed 
the  house  itself.  When  a  wife  was  unfaithful,  the  husband  had  a 
right  to  chastise  her  paramour,  but  she  went  free  from  punishment. 

Caste  distinctions  were  recognized  and  very  strictly  observed.  The 
chiefs,  called  chamorris,  owned  vast  plantations  and  cocoanut  groves, 
which  were  handed  down  genemtion  after  genemtion  to  the  heirs.  A 
chiefs  rightful  successor  was  his  brother  or  his  nephew,  who,  on 
coming  into  possession  of  the  family  estate,  changed  his  name  to  that 
of  the  chief  ancestor  of  the  family. 

The  people  were  naturally  superstitious.  They  venerated  the  bones 
of  their  ancestors,  keeping  the  skulls  in  their  houses  in  small  baskets, 
and  practicing  certain  incantations  before  them  when  it  was  desired 
to  attain  certain  objects.  The  spirits'  of  the  dead  were  called  aniti, 
and  were  supposed  to  dwell  in  the  forests,  often  visiting  the  villages, 
causing  bad  dreams  and  having  especial  sway  over  the  fisheries. 
People  dying  a  violent  death  went  to  a  place  called  Zazarraguan,  or 
the  house  of  Chayfi,  where  they  suffered  torture  from  fire  and  inces- 
sant blows.  Those  dying  natural  death  went  to  a  subterranean  paiti- 
dise  where  there  were  groves  of  cocoanuts,  plantations  of  bananas, 
sugar  cane,  and  other  fruits  in  abundance.  Certain  men  called 
makahna  resembled  the  kahunas  of  the  Hawaiians.     They  were  sup- 

dalla  scorza  interna  che  sta  fra  la  corteccia  il  legno  della  palnia.  Esee  non  Javarono 
alia  cam  pagna,  ma  stanno  in  casa  tesnendo  stuoiei  cestedi  palma,  e  altri  simili  lavori 
facendo  neoessarj  alia  famiglia.— Pigafetta,  p.  51. 
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po«ed  to  have  power  over  the  health  of  the  natives,  could  cause  rain, 
and  bring  luck  to  the  fishermen.  As  among  many  Indian,  Malaj^an, 
and  Polynesian  peoples,  the}'^  were  very  careful  not  to  spit  near  the 
house  of  another,  undoubtedly  through  fear  of  sorcery,  should  an 
enemy  possess  himself  of  the  spittle. 

Violent  grief  was  shown  on  the  death  of  a  friend  or  relative,  the 
people  wailing  and  singing  dirges  expressive  of  their  sorrow  and 
despair,  and  recounting  the  noble  qualities  of  the  dead.  In  the  case 
of  a  chamorri's  death  the  wailing  was  prolonged  for  several  days. 
Small  mounds  were  raised  over  the  grave  and  were  decorated  with 
flowers,  palm  leaves,  canoe  paddles  if  the  deceased  was  a  fisherman, 
and  spears  if  he  was  a  warrior.  The  body  was  sometimes  anointed 
with  fragrant  oil  and  taken  in  procession  from  house  to  house,  lus 
though  to  allow  the  spirit  an  opportunity  of  choosing  an  abiding  place 
among  the  homes  of  its  kindred. 

On  occasions  of  festivity  the  men  and  women  would  collect  in 
groups,  each  by  themselves,  and,  forming  semicircles,  sing  and  chant 
their  legends  and  fables.  Sometimes  these  songs  would  be  in  three- 
part  harmony,  ''  treble,  contmlto,  and  falsetto."  The  songs  were 
accompanied  by  appropriate  gestures  and  movements  of  the  bod}',  the 
women  using  certain  rattles  and  castanets  made  of  shells.  On  these 
occasions  the  women  adorned  their  foreheads  with  wreaths  of  flowers 
like  jasmines,  and  wore  belts  of  shells  and  bands  from  which  hung 
disks  of  turtle  shell,  which  was  much  prized  among  them.  They 
wore  skirts  of  fringe-like  roots,  which  the  early  missionaries  declared 
were  ''  rather  like  cages  than  garments." 

Though  called  Ladrones  (thieves),  the}^  were  so  honest  that  their 
houses  were  left  open  and  without  protection,  and  very  seldom  was 
anything  found  missing.  They  were  very  hospitable  and  kind,  as  all 
the  early  accounts  testify.  It  was  not  until  they  were  given  just  cause 
that  their  attitude  toward  the  Spanish  changed,  whereupon  the  latter 
declared  that  they  had  been  mistaken  in  attributing  virtues  to  them. 

They  declared  that  the  foreigners  ))rought  to  the  islands  rats,  flies, 
mosquitoes,  and  strange  diseases.  They  lived  with  little  restraint, 
matters  of  importance  to  the  villages  or  to  the  general  public  being 
decided  b}^  assemblies  of  their  chiefs  and  old  men;  but  these  had  little 
authority,  and  a  native  did  pretty  much  what  he  pleased  unless  pre- 
vented from  doing  so  by  some  one  stronger  than  himself. 

Their  arms  were  wooden  spears  pointed  with  bones,  and  slings  with 
which  they  threw  oval -shaped  stones  with  remarkable  force  and  accu- 
racy, "as  far,"  says  one  observer,  *'as  an  arquebus  can  shoot."  From 
their  earliest  youth  they  were  accustomed  to  practice  with  these  weap- 
ons, and  often  had  contests  of  spear  throwing,  fencing,  and  throwing 
at  marks.  Often  the  stone  was  hurled  with  such  swiftness  that  it 
would  become  embedded  in  the  trunk  of  a  tree.  The  women  went  to 
sea  with  their  husbands  for  sport.     They  were  fine  swimmers,  and  as 
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they  threw  themselves  into  the  water  and  came  bounding  from  wave 
to  wave  they  reminded  Pigafetta  of  dolphins. 

Their  houses  were  well  made,  thatched  with  palm  leaves,  and  raised 
on  wooden  posts  or  on  pillars  of  stone."  They  were  divided  into  sev- 
eral rooms  by  partitions  of  mats.  Their  beds  were  mats  woven  from 
Pandanus  leaves  divided  into  strips  of  great  fineness.  Their  boats 
were  kept  under  shelter,  large  sheds  being  constructed  for  them  near 
the  sea,  the  stone  or  masonry  pillars  of  which  ma^'^  still  be  seen.  These 
stone  pillars  are  held  in  awe  by  the  present  natives  of  the  island,  who 
think  it  unlucky  to  disturb  them  or  even  to  linger  near  them. 

Fire, — It  was  asserted  by  the  early  missionaries  that  the  aboriginal 
inhabitants  were  ignorant  of  fire  before  the  advent  of  the  Spaniards. 
That  this  is  a  mistake  is  shown  not  only  by  the  fact  that  their  princi- 
pal food  staples  could  not  be  eaten  without  cooking,  but  also  by  their 
words  pertaining  to  fire  and  cooking,  as  guafi  (fire),  apo  (ashes),  €L80 
(smoke),  tuno  (roast),  mafiila  (flame),  ^iw/^aw  (live  coal),  sofigge  (burn, 
V.  t.),  h/inmi  (burn  v.  in.),  sotne  (boil),  peha  (cook  in  embers),  chahan 
(bake  in  ancient  oven),  and  other  words.  Many  of  these  words  are 
to  be  found  with  slight  modifications  in  other  languages  of  Malayan, 
Melanesian,  and  Polynesian  affinities. 

Food, — The  food  of  the  aborigines  consisted  of  fish,  fowls,  rice, 
bread  fruit,  taro,  yams,  and  bananas  (Pigafetta  calls  them  *'figs  a  palm 
long"),  cocoanuts,  and  nuts  of  Cycas  eircinalis^  the  poisonous  prop- 
erties of  which  they  removed  by  soaking  and  repeatedly  changing  the 
water,  after  which  they  were  cooked.  For  relishes  they  ate  certain 
seaweeds,  the  nuts  of  the  wild  '^  almond,"  *  and  a  species  of  screw  pine.*^ 
Pandanus  drupes,  which  are  an  impoiiiant  food  staple  in  some  Pacific 
islands,  were  not  a  part  of  their  domestic  economj^;  and,  although 
they  had  pigs  at  an  early  date,  it  is  probable  that  these  were  intro- 
duced after  the  discovery,  as  some  of  the  early  navigators  declare  that 
the  natives  could  not  be  induced  to  eat  flesh.  The  creamy  juice 
expressed  from  the  meat  of  ripe  cocoanuts  entered  into  the  composi- 
tion of  several  of  their  dishes.  The}^  were  ignorant  of  the  manufac- 
ture of  fermented  tuba  from  the  sap  of  the  cocoanut,  and  had  no 
intoxicating  beverages  before  the  arrival  of  the  Spaniards.  As  was 
nearly  the  universal  custom  throughout  the  tropif^al  Pacific,  they 
cooked  by  means  of  stones  which  they  heated  in  a  hole  in  the  ground, 
making  alternate  layers  of  food,  leaves,  and  heated  stones,  somewhat 
after  the  manner  of  a  New  England  clambake. 

Narcotics, — The  kava  pepper  {Piper  viethysticum)  was  unknown  to 
them;  but  its  place  may  be  said  to  have  been  ttiken  by  the  betel  pepper, 
the  leaves  of  which  they  chewed  wrapped  around  a  fragment  of  the 

a  "  Fundados  sobre  fuertas  pilares  de  piedra.*' — Narrative  of  Gaspar  and  Grijalva, 
who  ^^flited  Guam  with  Ijegaspi  in  1565. 
&  Termiiuilm  calappa. 
^  Pan<lauu8  sp. 
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nut  of  the  betel  palm,  with  the  addition  of  a  pinch  of  lime.  This  habit 
is  still  universal  among  the  natives  of  Guam.  The  betel  thu.*  pre- 
pared has  an  agreeable  aromatic  pungency,  not  unlike  that  of  nutmeg. 
It  imparts  a  fragrance  to  the  breath,  which  is  not  disagreeable,  but 
it  discolors  the  teeth  in  time  and  causes  them  to  crumble  away,  while 
the  constant  expectoi"ation  of  saliva,  red  like  blood,  is  a  disagreeable 
habit. 

Cidtl  rated  plants, — ^The  principal  plants  cultivated  by  the  natives 
before  the  discoverv  were  the  bread  fruit — a  sterile  form  of  Artocar- 
puH  comntunis^  which  is  propagated  by  cuttings,  or  sprouts,  from  the 
roots;  the  diigdug^  or  fertile  form  of  the  same  species,  which  also 
grew  wild  upon  the  island,  yielding  an  edible,  chestnut-like  seed,  logs 
from  which  they  made  their  largest  canoes,  bark  for  their  aprons  or 
loin  cloths,  and  gum  which  served  as  a  medium  for  mixing  their  paints 
and  as  a  resin  for  paying  the  seams  of  their  canoes;  the  betel  palm 
{Ai^eca  catechu)  and  the  betel  pepper  {Plpri*  hefle),^  which  were  undoubt- 
edly brought  to  the  island  in  prehistoric  times,  as  also  were  rice,  sugar 
cane,  and  the  species  of  Pandanus  called  aggak,  from  the  leaves  of 
which  they  made  their  mats,  baskets,  hats,  and  lioat  sails.  Of  this 
plant  only  one  sex  occurs  on  the  island,  and  it  nuist  consequently  l)e 
propagated  by  cuttings.  Cocoanuts  were  also,  in  all  probability, 
brought  hither,  as  were  several  varieties  of  yams,"  separated  by  them 
into  two  groups,  which,  according  to  the  shape  of  the  leaf,  thej'  call 
nika  and  dago.  A  third  species,*  called  gado,  which  now  grows  wild 
in  thickets,  is  chamcterized  by  sharp,  wir}-,  branching  thorns  near  the 
ground,  which  serve  to  protect  its  starchy  tubers  from  wild  hogs. 
Several  varieties  of  taro  were  cultivated,  )>oth  in  swampy  places  and 
on  dry  hillsides.  Among  the  less  important  plants  were  the  Polynesian 
arrowroot,  called  gabgab;^  turmeric  {Curcuma  hnga)^  called  mango; 
wild  ginger  or  asngod  halom-tano;  and  a  species  of  red  pepper,  called 
doni.  There  were  no  edible  oi'anges,  mangoes,  mangosteens,  nor 
loquats.  A  fi'uit  much  relished  by  the  fruit-eating  pigeons  was  the 
pliod  {Xhnenia  avierlcayio)^  which  resembles  a  small  yellow  plum  with 
a  slight  flavor  of  bitter  almond. 

Agricultural  and  otJier  ^useful  arts, — For  growing  taro  little  art  is 
required.  Yams  require  more  care;  while  bananas,  breadfruit,  and 
the  textile  pandanus,  propagated  by  (juttings  or  sprouts,  have  to  be 
severed  from  the  parent  stock,  stuck  into  the  ground,  and  occasionally 
watered.  For  the  cultivation  of  rice — the  only  cereal  of  the  aborig- 
ines— far  greater  skill  is  required  on  account  of  the  necessary  prepara- 
tion of  the  fields  and  the  construction  of  irrigating  ditches.  Rice  was 
the  principal  staple  furnished  to  vessels  in  considerable  quantity. 
Oliver  van  Noort,  who  visited  the  island  in  1600,  mentions  it  in  his 
narrative,  and  the  Nassau  fleet  in  1625  bought  it  in  bales  containing 

fl  Dioscorea  alala  and  D.  acuUata.  *  Diosarrea  spinosa,  c  Tacca  piniuttijida. 
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70  to  SO  pounds  each.  At  this  time  it  was  eultivatMl  in  many  places 
on  the  island,  which  indicates  no  little  industry  and  enterprist^  on  the 
part  of  the  natives.  I  dwell  on  this  point  bei*aust^  the  alK>riyines  of 
Guam  have  lieen  desi»ril>ed  as  verv  indolent  and  of  the  lowest  onler 
of  civilization,  ijjnorant  even  of  the  art  of  making  tire.  Surely  the 
people  who  construeted  such  man-elous  *' flying  pi-aos/*  who  dwelt  in 
conmiodious  and  well-built  houses,  and  who  carried  on  the  art  of  agri- 
culture to  the  extent  indicated  by  the  narratives  of  the  early  expedi- 
tions of  the  Dutch,  can  not  be  classified  as  abject  sjivages,  even  though 
their  lx)dies  were  covered  bv  verv  scant  clothinjr.  If  encountei^s  took 
place  l)etween  them  and  the  crews  of  visiting  ships — and  these  ci'ews, 
fresh  from  pillaging  the  coast  of  South  America  and  accustomed  to 
deeds  of  violence  and  murder,  were  in  all  probability  far  from  gentle 
in  their  treatment  of  the  natives — they  were  designated  as  miserable 
infidels,  to  '"slay*'*  whom  was  a  legitimate  pastime;  while,  if  a  Euix)' 
pean  was  killed  by  one  of  them,  without  investigjiting  the  cause,  ho 
was  declared  to  have  been  murdered,  and  his  death  was  avenged  by 
the  burning  of  villages,  boats,  and  boathouses,  and  by  killing  men, 
women,  and  children."  The}'  were  bi*anded  with  the  name  ''Ijadrones'' 
for  stealing  a  boat  and  some  bits  of  iron;  yet  the  Spjiniards  did  not 
hesitate  to  steal  human  beings  to  serve  as  slaves  at  their  pumps.* 

Arrival  ofJemilt  rnksimiarie^, — For  nearly  a  century  and  a  half  after 
the  discovery  no  attempt  was  made  to  colonize  the  island.  Spanish  gal- 
leons on  their  annnal  trips  from  New  Spain  to  the  Philippines  stopped 
regularly  at  Guam  for  fresh  water  and  provisions.  On  one  of  these  a 
Jesuit  priest.  Padre  Diego  Luis  de  Sanvitores,  was  pa^jsenger.  His 
heart  was  moved  with  pity  for  the  natives  living  in  spiritual  darkness 
in  this  earthly  paradise,  and  when  he  reached  Manila  he  begged  that 
he  might  be  sent  to  them  as  a  missionary.  His  reiiucst  w^as  refused, 
and  it  was  not  until  he  succeeded  in  getting  a  direct  order  from  the 
King,  Philip  IV,  that  his  wish  was  realized.  A  ship  was  l)uilt  at 
Cavite,  and  Padre  Diego  was  sent,  together  with  several  companions, 
to  carry  the  faith  to  the  Ladrones. 

He  arrived  at  Agana  on  March  3,  16()8,  the  ship  having  tirst  pro- 
ceeded to  Acapulco,  Mexico,  as  was  the  custom,  owing  to  the  easterly 
winds  and  the  currents  which  prevail  in  the  latitude  of  (hiam. 
Sanvitores  was  full  of  zeal  and  worked  with  phenomenal  success 
among  the  natives.  They  received  him  with  great  kindness,  giving 
him  a  dwelling  place  and  building  for  him  a  church  at  Agana.  Let- 
ters written  by  him  to  his  superiors  are  full  of  interesting  informa- 
tion concerning  the  natives.  He  tells  of  their  grcMit  regard  for  caste 
distinctions,    their  veneration    for   the   l)ones   of   their   dead,   their 


«  See  narrative  of  the  expedition  under  Miguel  JA^iyez  I^egafiipi,  which  vlnitecl  ( ruain 
in  1565. 

^  Bumey,  Narrative  of  the  I^ayea  Expedition,  1526,  vol.  1,  p.  217. 
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practice  of  sorcery,  and  he  regrets  their  love  of  worldly  pleasures, 
their  disinclination  for  serious  occupations,  and  complains  that  their 
history  is  '* obscured  by  a  thousand  fables." 

After  a  time  trouble  arose  between  the  missionaries  and  the  natives. 
At  first  the  chiefs  insisted  that  the  benefits  of  baptism  should  not  be 
extended  to  the  common  people;  then  they  began  to  doubt  its 
eflScienc}^  and  many  who  had  been  baptized  reverted  to  their  former 
beliefs  and  practices.  They  resented  the  efforts  of  the  missionaries 
to  change  their  marriage  customs,  the  destruction  of  the  sacred  bones 
of  their  fathers,  and  the  forcible  detention  of  children  whom  the  mis- 
sionaries had  taken  to  educate.  Finally,  after  four  years  of  unceasing 
labor  among  them,  Padre  Sanvitores  was  killed  while  baptizing  a  child 
against  the  will  of  its  father. 

Active  measures  were  now  taken  to  reduce  the  natives.  The  Queen 
of  Spain,  Maria  Ana  of  Austria,  widow  of  Philip  IV,  became  inter- 
ested in  their  conversion  and  founded  a  college  for  the  education  of 
native  youth,  which  she  endowed  with  an  annual  income  of  3,000 
pesos.  In  honor  of  her  the  group  was  named  ''Las  Islas  Marianas." 
The  income  from  the  fund  bestowed  by  the  Queen  continued  until  the 
seizure  of  the  island  of  Guam  bv  the  United  States. 

The  Jesuits  continued  in  the  island  for  a  century.  At  their  expul- 
sion, in  1769,  in  confprmity  with  the  edict  of  Carlos  III,  their  j)lace 
was  taken  by  Jlecollet  friars  of  the  order  of  San  Agostino.  During 
their  stay  the  Jesuits  not  only  introduced  many  useful  plants  and 
fruits  from  Mexico  and  from  other  countries,  but  they  taught  the 
natives  many  useful  arts  and  habits  of  industr}^  established  extensive 
plantations,  and  brought  to  the  island  cattle,  horses,  mules,  donke3^s, 
goats,  and  oarabaos,  or  water  buffalo.  The  youths  under  their  care 
were  instructed  in  the  elements  of  learning  and  in  the  Christian  doc- 
trine, and  were  trained  to  serve  as  acolytes.  They  instructed  them 
also  in  music.  The  inventorv  of  their  effects,  taken  at  the  time  their 
property  was  seized  by  order  of  the  King,  is  still  in  Guam.  Among 
the  items  are  "  seven  violins  with  their  bows,  three  sw^eet  flutes,  two 
harps,  and  one  viol."  The  inventory  also  includes  a  list  of  black- 
smith's tools,  axes,  planes,  chisels,  saws,  and  appliances  for  tanning 
leather,  together  with  a  good  supply  of  agricultural  implements,  and 
the  list  of  live  stock  and  articles  found  on  their  farms  showed  that  the 
latter  were  in  a  flourishing  condition. 

PlwitH  'Introduced  hy  the  musi&naries. — ^The  principal  plants  intro- 
duced by  the  missionaries  were  maize,  or  indian  corn,  tolmcco, 
oranges,  lemons,  limes,  pineapples,  cashew  nuts,  or  maninones,  pea- 
nuts, egg  plants,  tomatoes,  and  seveml  species  of  Anona,  besides  a 
number  of  leguminous  vegetables  and  garden  herbs. 

With  maize,  .the  chief  article  of  cultivation,  came  the  Mexican 
metatl  and  mano  for  making  tortillas.     To))acco  leaves  were  used  for 


Fig.  1 .— ^Tannino  an  Oxhide  in  Guam. 


F<a.  2.— Drvino  Maiic  in  The  Strlets  uf  AqaNa,  Guam. 
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Fia.  1.— Oven  for  Baking  Bread  and  Breadfauit.  a  Mexican  Intrusion. 


Fig.  2.— Hullikq  Rice  in  Woodek  Mortar. 
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paying  the  natives  for  their  work.  Most  of  the  sweet  potatoes  grown 
were  sold  to  ships,  the  natives  contenting  themselves  with  yams  and 
taro,  or  breadfruit.  Among  the  medicinal  plants  brought  from  Mex- 
ico was  Cassia  al<ita^  which  is  still  called  "acapulco;"  and  Pithecolo- 
hliDn  dulce^  called  ''kamachilis,"  was  brought  for  the  sake  of  its  bark, 
which  is  used  in  tanning.     Coflfee  and  cacao  were  introduced  later. 

Modern  a(jrl(yidture. — Maize  is  cultivated  in  patches  varying  from 
1  to  10  acres.  It  is  planted  on  the  highlands  at  the  beginning  of 
the  rainy  season.  A  second  crop  is  obtained  from  the  lowlands  in  the 
dry  season.  It  must  be  shelled  as  soon  as  gathered,  carefully  dried  to 
prevent  molding,  and  stored  in  large  earthen  jars  (brought  from 
Manila,  Japan,  or  China)  for  protection  against  weevils.  In  the  low- 
lands, with  deep  soil,  the  fields  may  be  plowed.  In  plowing,  bullocks 
or  carabaos  are  used,  the  latter  preferably  in  wet  places;  the  plow  is 
of  wood,  with  a  single  handle,  and  tipped  with  iron,  usually  forged 
b}^  the  village  blacksmith  from  an  old  musket  barrel. 

Coffee  produces  most  prolifically ,  and  in  sheltered  valleys  where  the 
soil  is  deep  and  rich  cacao  of  excellent  quality  is  grown. 

Rice  is  cultivated  very  much  as  in  the  Philippines.  The  crop  is 
frequently  a  failure,  owing  to  drought  or  a  blasting  hurricane;  and 
even  in  good  seasons  the  crop  is  insuflScient  for  the  consumption  of 
the  inhabitants.  It  is  one  of  the  food  staples  of  the  island,  and  is 
now  imported  from  Japan  and  the  United  States. 

Taro  is  cultivated  both  in  wet  and  in  dry  ground.  It  is  much  eaten 
by  the  natives,  as  also  are  several  species  of  yams.  There  are  at  least 
four  varieties  of  sweet  potatoes.  It  is  interesting  to  note  that  the 
vernacular  name  for  sweet  potatoe — camote^-is  of  American  origin, 
and  is  still  commonly  used  among  the  Spanish-speaking  people  of  our 
extreme  Southwest. 

Tobacco  is  planted  by  nearly  ever}^  family.  It  must  be  carefully 
weeded  and  kept  free  from  insect  larvie,  the  most  destructive  of  which 
is  that  of  a  sphinx  moth.  It  is  never  cured  nor  allowed  to  ferment, 
but  is  simply  hung  under  shelter  and  left  to  dry.  The  natives  prefer 
their  tobacco  to  all  other  kinds.  They  will  not  smoke  foreign  tobacco 
unless  their  own  gives  out.  It  is  usually  smoked  in  the  form  of  loosely 
rolled  cigars,  made  without  paste,  and  wrapped  with  agave  or  pine- 
apple fiber. 

Several  kinds  of  LeguminossB  are  cultivated  both  for  the  sake  of 
their  green  pods  and  for  their  ripe  seeds.  One  of  the  best  is  PsapfiO' 
carpus  tetragonolohus^  the  pods  of  which,  eaten  green  and  tender,  have 
four  longitudinal  ruffle-like  wings.  Peanuts  grow  readily,  in  places 
lining  the  road  from  Agana  to  the  port.  Mandioc  and  arrowroot 
{Maranta  arandlnaced)  are  cultivated,  but  not  on  an  extensive  scale; 
and  tumeric  and  tacca,  though  growing  wild,  are  sometimes  planted. 

The  natives   have  become  essentially  an  agricultural  and  pastoral 
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people.  Some  of  the  changes  brought  about  by  Spanish  occupancy 
are  shown  in  the  accompanying  illustrations.  Navigation  is  scarcely 
practiced  hy  them.  The  wonderful  flying  praos  have  been  i-eplaced 
by  small  canoes  of  inferior  type,  which  are  now  used  ))v  the  native^s 
only  for  fishing.  There  are  scarcely  more  than  a  dozen  native  lx>at« 
in  the  whole  island.  For  years  what  traffic  was  carried  on  between  the 
islands  of  the  group  was  by  means  of  large  canoes  from  the  Caroline 
Islands. 

Another  figure  shows  the  manner  in  which  corn  is  spread  out  to  dr3^ 
in  the  streets  upon  mats  of  Pandanus  leaves.  The  cast  net  shown  iii 
the  figure  of  the  fisherman  is  make  of  thread  twisted  by  hand  from 
pineapple  fiber;  and  the  hide  in  process  of  tanning  has  been  treated 
with  an  infusion  of  the  bark  of  PithecoUMum  dalce^  which,  like  the 
source  of  the  leather  itself,  is  an  intrusion  from  America. 

With  the  exception  of  a  few  families  living  in  rancherias,  the  natives 
inhabit  villages  and  go  to  their  ranchos,  or  country  places,  for  the 
purpose  of  feeding  and  watering  their  stock  or  for  cultivating  their 
fields.  The  town  houses  are  well  constructed:  thev  are  raised  from  the 
ground  on  substantial,  durable  posts,  or  built  of  masonry  with  a  base- 
ment or  ''bodega,"  which  is  used  as  a  storeroom,  taking  up  the 
ground  floor.  Some  of  them  are  surrounded  by  balconies  inclosed  by 
shutters  or  by  windows  with  translucent  bivalve  shells  for  panes..  The 
roofs  are  either  of  thatch  or  tile,  the  best  thatch  being  that  made  of 
the  leaflets  of  nipa  palm.  Many  of  the  houses  are  provided  with  gar- 
dens, in  which  grow  perennial  eggplants,  red  peppers,  bananas,  plan- 
tains, various  kinds  of  beans,  squashes,  and  ornamental  and  useful 
shrubs  and  trees,  including  lemons,  limes,  pomegranates,  sour  sops,  and 
sugar  apples  i^Anona  squamosa).  Frequently  under  the  eaves,  so  as  to 
receive  the  drippings  from  the  roofs,  are  planted  rows  of  bright-colored 
foliage  plants;  and  among  the  fragrant-flowered  species  are  the  mil- 
leguas,®  the  Egyptian  henna* — a  great  bush  covered  with  flowers  which 
bear  a  general  resemblance  to  and  have  the  odor  of  mignonette — and 
the  llangilang  tree,"^  from  whifli  the  celebrated  perfume  is  made. 

Ranchos,  as  the  country  houses  are  called,  may  be  constructed  for 
the  use  of  one  or  two  persons  or  for  a  whole  famil3\  Many  of  them 
are  intended  only  for  temporary  occupancy,  the  adjoining  ground 
being  allowed  to  lie  fallow  after  crops  have  been  raised  on  it  for  four 
or  five  years  in  succession.  The  usual  form  of  a  small  rancho  is  that 
of  a  shed,  with  walls  of  cocoanuf  matting  or  woven  reeds  and  a  roof  of 
cocoanut  thatch.  Half  of  the  hut  is  taken  up  by  a  split-bamboo  plat- 
form, raised  about  2  feet  from  the  ground.  This  is  the  family  bed. 
Beneath  it  are  penned  up  each  night  the  youngest  broods  of  chickens 
with  their  mothers,  to  protect  them  from  rats,  cats,  and  lizards.  The 
larger  fowls  fly  to  the  spreading  limbs  of  a  neighlioring  tree  (the  site 

^  Pergularia  odoraiissima,  b  Lawsonia  alba,  c  Canaga  udorcUa, 
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FiQ.  1.— Modern  Outrioger  Canoe  of  Guam. 


Fig.  2.— Guam  Fisherman  with  Castnet  of  PtNEAPPLE  Fiber. 
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for  a  raneho  is  alwa^'s  selected  near  a  suitable  roosting  tree),  or  upon 
the  ridge  of  the  roof,  or  perhaps  on  some  convenient  perch  in  the  hut 
itself,  where  there  are  always  four  or  five  setting  hens  in  baskets  hung 
on  the  posts.  Sometimes  the  w^hole  family  I'emains  on  the  raneho 
during  the  week,  i-eturning  to  the  town  on  Saturday  evening,  when  a 
procession  of  ox  carts  a  mile  long  may  always  be  seen  en  route  to  the 
capital,  so  that  their  owners  may  be  ready  for  early  mass  the  next 
morning. 

There  are  few  masters  and  few  servants  in  Guam,  As  a  rule,  the 
farm  is  not  too  extensive  to  be  cultivated  by  the  familj',  all  of  whom, 
even  the  little  children,  lend  a  hand.  Often  the  owners  of  neighbor- 
ing farms  work  together  in  communal  fashion,  one  day  on  A's  corn,  the 
next  on  B's,  and  so  on,  laughing,  singing,  and  skylarking  at  their  work, 
and  stopping  whenever  they  feel  like  it  to  take  a  drink  of  tuba  from  a 
neighboring  cocoanut  tree.  Each  does  his  share  without  constraint, 
nor  will  one  indulge  so  freely  in  tulwi  as  to  incapacitate  himself  for 
work;  for  experience  has  taught  the  necessity  of  temperance,  and 
every  one  nmst  do  his  share  if  the  services  are  to  be  reciprocal.  By 
the  time  the  young  men  have  finished  their  round,  the  weeds  are  quite 
high  enough  once  more  in  A's  corn  to  require  attention  again.  In  the 
evening  they  separate,  each  going  to  his  own  raneho  to  feed  his  bullock, 
pigs,  and  chickens;  and  after  a  good  supper  they  lie  down  for  the 
night  on  a  Pandanus  mat  spread  over  the  elastic  platfomi  of  split 
bamboo. 

If  wealth  consists  in  the  ability  to  gratify  one's  wants,  the  people 
of  Guam  may  be  called  rich;  and  were  it  not  for  the  frequent  occur- 
rence of  hurricanes  life  on  the  island  would  be  almost  ideal.  None 
of  the  natives  depends  for  his  livelihood  on  either  commerce  or  a 
ti*ade.  There  are  men  who  can  make  shoes,  tan  leather,  and  cut 
stone  for  building  purposes,  but  such  a  thing  as  a  shoemaker,  tanner, 
or  mason  who  supports  his  family  by  his  trade  is  unknown.  In  the 
midst  of  building  a  stone  wall,  the  native  who  has  consented  to  help 
do  the  work  will  probably  say:  ''  Excuse  me,  Senor,  but  I  must  go  to 
my  raneho  for  three  or  four  days;  the  weeds  are  getting  ahead  of  my 
corn."  And  when  one  wishes  to  get  some  lime,  the  native  to  whom 
he  goes  for  it  may  say:  ''After  I  have  finished  gathering  my  cocoa- 
nuts  for  copra  I  will  get  my  boys  to  cut  wood  and  make  a  kiln. 
Never  fear,  Senor,  you  shall  have  the  lime  within  six  weeks." 

The  result  of  this  condition  of  society  is  that  when  a  father  dies  the 
wife  and  children  are  not  left  destitute,  as  would  be  the  case  if  they 
depended  on  the  results  of  his  handiwork  alone.  The  crops  continue 
to  ripen  and  are  gathered  in  due  time  by  the  family;  the  weeds  and 
woiTiis  are  kept  out  of  the  tobacco;  the  coffee  bushes  bend  each  year 
under  their  weight  of  berries,  and  the  cocoanuts,  as  usual,  yield  their 
annual  dividend.       Indeed,  in  most  cases  the  annual  income  in  pro- 
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visions  is  amply  sufficient  to  keep  the  family  supplied  with  its  simple 
clothing,  some  flour  and  rice  brought  by  the  traders  from  Japan  or 
America  to  exchange  for  copra,  and  perhaps  a  few  delicacies,  a  ribbon 
or  two,  and  a  new  picture  of  the  patron  saint  to  place  in  the  little 
alcove  of  the  side  room,  where  the  light  is  always  kept  burning. 

While  in  Guam  I  knew  of  only  one  person  on  the  island  dependent 
upon  charity,  and  she  was  an  old  blind  woman  without  children  or 
near  relatives.  Even  blindness  does  not  make  beggars  of  the  natives. 
On  one  occasion,  while  crossing  the  island  to  report  on  the  suitability 
of  a  certain  bay  as  a  landing  place  for  the  proposed  telegraph  cable,  I 
visited  a  house  in  which  a  man  and  his  wife  were  both  blind.  He  was 
engaged  in  twisting  pineapple  liber  into  thread  for  cast-nets.  The 
surrounding  farm  was  in  a  flourishing  condition — here  a  field  of  corn, 
there  a  patch  of  tobacco,  a  little  farther  away  a  grove  of  young  cocoanuts 
set  out  evenlv  in  rows;  near  the  house  a  thicket  of  coflfee  bushes  red 
with  berries;  about  the  door  betel  nuts  drying  in  the  sun;  at  the  edge 
of  the  forest  a  cow,  very  nmch  like  an  Alderne}^  tethered  to  a  tree  to 
keep  her  out  of  a  neighboring  patch  of  sweet  potatoes,  and  in  a  newly 
cleai'ed  spt^t,  where  the  stumps  of  trees  were  still  standing,  1  saw  a 
rich  growth  of  taro  and  some  yam  vines  twining  up  a  circle  of  poles 
inclined  against  a  tree. 

A  fine,  stmpping  youth  came  in  to  prepare  dinner.  He  was  the  son 
of  the  old  people  and  had  been  born  before  the}^  were  stricken  with 
the  disease  which  caused  their  blindness.  It  was  he  who  planted  the 
garden,  who  cleared  the  forest,  cared  for  the  cow,  the  pigs,  and  chick- 
ens, and  collected  the  betel  nuts.  He  climbed  a  cocoanut  tree  near  the 
house  and  brought  in  a  bamboo  joint  full  of  tuba,  delicious  as  cider 
just  beginning  to  turn  sharp,  which,  after  putting  across  the  top  some 
leaves  to  strain  it,  he  offered  us  withthemannerot'aSDanishcaballero. 
The  next  day,  on  my  return  from  the  opposite  shore  of  the  island,  he 
saddled  the  sleek  little  cow  and  insisted  on  my  riding  her  back  to  the 
city,  he  and  the  little  calf  running  along  by  my  side  as  the  cow  trot- 
ted over  the  good  roads,  and  wading  through  the  deep  mud,  as  our  way 
led  across  marshy  places  overarched  by  great  bamboos.  On  all  the 
farms  we  passed  the  natives  were  planting  cocoanuts.  There  were  fields 
of  corn,  sweet  potatoes,  and  tobacco.  The  young  tobiicco  plants, 
recently  transplanted,  were  each  sheltered  from  the  sun  b}'  a  section 
of  cocoanut  leaf  stuck  into  the  ground  at  an  angle.  Everybody 
seemed  contented  and  all  had  a  pleasant  greeting  for  the  stranger. 
Some  of  the  sh}'  little  children  brought  out  by  their  parents  to  see  us 
took  mv  hand  to  kiss  it,  as  is  the  custom  in  the  island  on  the  occasion 
of  a  visit  from  a  dignitary  of  the  church  or  state  or  the  head  of  a 
family.  It  seemed  to  me  that  I  had  discovered  Arcadia,  and  when  I 
thought  of  a  letter  I  had  received  from  a  friend  asking  whethei* 
1  believed  it  would  be  possible  to  "civilize  the  natives,"  I  felt  like 
exclaiming,  '*God  forbid!" 
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The  intimate  cultural  connection  ])etween  the  ancient  peoples  since 
the  beginning  of  history  is  an  undeniable  fact.  It  is  almost  a  truism 
that  original  ideas  are  but  exceptions  to  the  overwhelming  number  of 
reproduced  ones,  and  yet  even  learned  men  are  strongl}^  disinclined  to 
acknowledge  indebtedness  for  elements  of  culture,  lest  it  interfere 
with  the  pleasing  thought  of  development  within  one's  own  narrow 
circle.  It  is  but  natural  to  delight  in  a  structure  built  in  the  course 
of  many  years  from  the  quarries  of  one's  own  field,  but  it  is  equally 
true  that  this  sentiment  rests  on  suppositions  based  on  anything  but 
facts.  A  migrating  idea,  in  the  purely  ideal  sphere  at  least,  could 
remain  the  same  only  under  the  assumption  of  perfect  identity  of 
national  characteristics  and  entire  suspension  of  development.  This 
not  being  the  case,  the  variation  of  the  contents  of  an  idea  among  dif- 
ferent peoples  is  no  proof  against  its  modification  from  without.  Nor 
is  it  necessary  to  refute  the  strange  yet  common  view  that  the  possi- 
bility of  the  construction  of  an  internal  development  makes  the 
assumption  of  external  influences  unnecessary.'' 

In  the  religious  field  the  victorious  course  of  Christianity  from  East 
to  West  is  not  an  isolated  phenomenon.  Not  only  did  the  Mithra 
cult  pursue  a  similar  course,  but  we  continually  see  religious  ideas 
from  the  Orient  penetrating  Occidental  culture  spheres.  It  is  not 
diflScult  to  trace  to  the   influence  of   the  old  Persian  Dualism^  the 


«  Translation,  after  revision  by  tlie  author,  of  Ostliche  Knltureleniente  ini  Abend- 
land.  Vortrag,  am  4.  Februar  1902,  zu  Erlangen  gehalten  und  nachtniglich  erwei- 
tert  von  Dr.  Oeorg  Jacob,  ao.  Professor  der  niorgenltindlMchen  Sprachen.  Berlin: 
Mayer  and  Miiller,  1902,  pp.  24,  gr.  800. 

'^  Stave,  in  tj'ber  den  Einfluss  des  ParsisniUH  auf  das  JudentumJ  Haarlem,  1898, 
has  fallen  into  both  these  errors. 

^I  was  led  to  these  views  especially  by  the  comparative  study  of  Persian  and 
Arabic  poets.  Notice,  for  instance,  the  frequency  of  the  epithet  pdk  (clean)  in  con- 
nection with  the  name  of  Alldh  in  Persion  poetry  and  search  for  Arabic  parallels. 
Many  Persian  conceptions  have  survived  in  Mohammedan  writings;  thus  the  later 
Turkish  Kyrk  sual  point  to  contact  with  middle  Persian  sources.  On  the  other 
hand,  old  Persian  conceptions  were  later  forced  into  the  Koran  by  connecting  them 
with  such  words  as  sidra  (SClre  53,  14,  16),  kauthar  (108),  sirftt  (37,  23),  sAhira 

(79,  14). 
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antitheses  between  God  and  the  devil,  between  this  world  and  the 
other  world,  between  clean  and  unclean,  which  were  but  gradually 
adopted  into  the  monotheistic  religions.  Old  Persian  ideas,  especially 
those  pertaining  to  final  things,  as  death,  the  judgment,  and  events 
connected  therewith,  pervade  Christianity,  Judaism,  and  Islam,  and 
through  the  medium  of  the  former  i^eached  even  the  heathen  Ice- 
landers, so  that  we  again  meet  their  ideas  point  for  point  in 
the  EddsL.  We  need  only  think  of  the  world -tree  (the  tuba  of 
the  Mohammedans  =Yggdra8il),  the  well  containing  the  miiucle- 
working  water  at  its  foot  (called  al-Kauthar,  often  only  al-haud, 
"the  cistern" =Urd's  well),  the  bridge  of  heaven  (Avestan  chin  vat, 
Arabic  as-sirfit,  old  Norse  Bifr5st),  but  particularly  the  Dusk  of  the 
gods,  which  agrees  in  all  points  with  the  last  judgment  as  described  by 
Moslem  theologians.  Here  we  have  the  blowing  of  the  horn,  known 
from  the  Koran,  which  in  the  Edda  is  performed  b}"  Heimdall,  and 
the  wide  plain  (4rsat  al-aras£t,  or  sahra-i-mehscher=Wigrid);  the 
"beast  of  the  earth,"  which  is  to  come  out  from  a  rock  fissure  near 
Mecca,  corresponds  to  Fenris,  and  Daggal  to  the  Antichrist  and  Loki. 
I  could  enumerate  a  long  list  of  such  parallels.^'  For  some  of  their 
ideas  the  Persians  may  have  received  the  first  suggestions  from  the 
Babylonians,  though  it  is  at  present  the  fashion  to  overestimate  the 
Babylonian  influences.*  The  world  view  of  the  Babylonians  still  sur- 
vives in  our  seven  days'  week;  in  fact,  only  through  this  world  view 
can  the  astrology  of  previous  centuries  be  rightly  understood.  I  have 
already  called  attention  to  it  in  my  initial  publication  (1887).  Winck- 
ler^  has  explained  the  symbolical  number  seven  and  the  unlucky  num- 
ber thirteen  from  Babylonian  conceptions.  The  latter  have  to  the 
present  day  exercised  a  mighty  influence  upon  our  economic  life,  and 
thus  on  human  culture  in  geneml,  through  the  fact  that  for  the  ratio 
of  silver  to  gold  the  old  norm  from  the  mint  regulation  of  Darius 
remained  in  force  till  the  fall  of  silver.  Winckler^  has  shown  that  this 
relation  represents  the  time  of  revolution  of  the  planets  correspond- 
ing to  the  two  metals,  the  moon  and  sun;  that  is,  27:360  (=1:13^). 

oOf  the  literature  bearing  on  this  subject  may  be  mentioned:  Kohut,  Uet)erdie 
jiiditK'hc  Angelogie  und  Diimonologie  in  ihrer  Abhiingigkeit  vom  Parsismus  in 
Abhandlungen  der  Deutachen  Morgenlandischen  Gesellschaft  4,  1866,  and  Was  hat 
die  talmudische  Esciiatologie  aus  dem  Parsisinus  aufgenommen?  in  Zeitschrift  <ier 
Deutachen  Moi^fenliindischen  Gesellschaft  21, 1867;  Ernst  BiVklen,  Die  Verwant«chaft 
der  iudlsch-christ lichen  mit  der  persischen  Kschatologie,  Goettingen,  1902.  Com- 
pare also  Elard  Hugo  Meyer,  Voluspa,  Berlin,  1899. 

^8o,  for  instanc^e,  Hugo  Winckler,  Die  babylouische  Kultiir  in  ihren  Besiehungen 
zur  unsrigen  (Leipzig,  1902),  goes  too  far  when  he  (p.  22)  derives  our  clock  faiv  from 
the  Babylonian  double  hour.  The  division  in  twelve  hours  rather  goes  back  to  the 
sun  clock  and  is  to  be  explained  from  the  fact  that  the  sun  does  not  shine  during  the 
night.  So  also  our  bock  beer  (p.  43)  has  nothing  to  do  with  the  signs  of  the  Zodiac, 
but  is  due  to  corniption  by  popular  etymology  of  Eimbecker  Bier. 

<"  Opus  cit. 

rf  Ibidem. 
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Even  slight  deviations  from  this  norm  eaiised  in  the  nineteenth  cen- 
tun'  the  greatest  crises.  The  i^eal  relation  eouW  onh'  in  most  recent 
times  prevail  against  the  tradition. 

But  we  can  trace  the  connecting  threads  still  further  liack.  The 
Buddha  legend  as  **Barlaam  and  Josaphat'*''  was  during  the  Middle 
Ages  a  book  of  edification  to  Christians^  Jews,  and  Mohammedans, and 
at  present  the  Hindu  world  view  is  In^ginning  to  play  a  role  in  the 
Occident  through  the  mediiun  of  S'hopenhauer *'  and  the  preaching 
of  Buddhism  by  the  theosophic*al  societies.* 

The  literature  which  occupied  our  youthful  minds^  and  influenced 
perhaps  more  than  we  are  aware  the  development  of  our  taste,  orig- 
inated to  a  great  extent  in  the  Orient,  not  only  the  Biblical  narra- 
tives and  the  stories  of  the  Thousand  and  One  Nights,  but  also 
manv  of  the  tales  which  the  uninitiated  considers  of  German  origin/ 
(ierman  lyric  jx)etrv,  whose  creations  form  an  important  part  of  the 
literary  wealth  of  the  |x?ople,  was  during  the  period  of  the  flour- 
ishing of  the  church  hymn  predominantly  under  the  influence  of  the 
Hebrew  Psalter.  And  in  the  nineteenth  century  Hafiz,  less  through 
Goethe's  West-Ost lichen  Diwan  than  through  Bodenstedt's  Mirza 
Scliaflf}',  which  was  printed  in  more  than  a  hundred  editions,  exer- 
cised an  influence  upon  our  love  poetry  which  can  not  be  overestimated. 
The  magic-lantern  theater  (ombres  chinoise),  especially  cultivated  by 
the  Romanticists— magic-lantern  plays  were  written,  among  othei's, 
by  Justinus  Kerner,  and  an  afterplay  to  it  by  Uhland,  Chr.  Brentano, 
Achim  von  Arnim,  Count  Poici — came  from  Italv  to  Germanv  in  the 
seventeenth  century,  but  was  already  flourishing  in  Egypt  in  Saladin^s 
time  and  can  be  followed  up  till  the  eleventh  century  in  east  Asia/' 
Ciroethe  ]K)rrowed  the  ideas  for  the  pi*ologue  of  his  Faust  from  the  old 
Hindu  theater  and  the  Book  of  Job. 

Recently  the  court  theaters  of  the  most  artistic  cit}'  of  Germany  did 
not  disdain  to  borrow  from  Japan  the  revolving  stage,  invented  in 
1700  by  Namiki  Schozos,  a  stage  arrangement  which  with  practical 
puiposes  combines  ideal  aims. 

The  most  finished  creations  of  architecture  belong  to  the  Middle 
Ages,  as  we  come  more  and  more  to  learn.  No  other  style  is  capa- 
ble like  the  Gothic  of  distributing  the  masses  hannoniously  and  of 
transforming  heavy  masonry  into  light  effect.^.     The  horizontal  line 

oAn  instructive  ooniparieon  of  the  systems  of  this  most  popular  philosopher  with 
the  systems  of  the  Hindus  is  found  in  Max.  F.  Meeker's  Schopenhauer  und  die 
indische  Philosophie,  Koln,  1S97. 

'^So,  for  instance,  Th.  Sehultze,  Der  Bu<idhisnuis  als  Religion  der  Zukunft,  2d  edi- 
tion, Leipzig. 

<^For  example,  comjjare  Wilhelm  Geiger,  Die  kulturgeschichtliche  Bendeutuug  des 
indischen  Altertums  (inaugural  address),  Erlangen,  1901,  p.  8. 

<i  Compare  (i.  Jacob,  Das  Schattont heater  in  seiner  Wanderung  vom  Morgeuland 
zuui  Abendland,  BerHn,  1901. 
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of  the  antique  is  something'  which  does  not  occur  in  nature,  and 
a  violent  crossing  of  it  and  the  flat  roof  are  unjesthetic  in  the 
highest  degree.  The  grand  development  of  Gothic  architecture  is 
due  to  the  many  methods  of  overarching  the  columns  which  made 
the  pointed  arch  possible.  Now  where  does  this  element,  which 
enabled  our  great  masters  to  produce  their  wonderful  creations, 
tirst  appear  as  an  artistic  means  of  architecture?  In  the  Mosque 
of  Ibn  Tulun,  at  Cairo,  which  was  erected  between  87<3  and  878; 
but  probably  even  earlier  in  the  Miqyas  (Nilometer),  on  the  Nile 
island  Roda."  In  art  industry  our  dependence  is  still  more  appar- 
ent. With  all  our  technical  aids  we  are  still  far  from  attaining  the 
noblest  productions  of  the  oriental  textile  industry.  This  is  brought 
home  to  us,  with  regard  to  the  Middle  Ages,  by  the  raiment  of 
old  German  emperors  bearing  Arabic  inscriptions,  and  with  regard 
to  the  present  time  by  examining  the  colors  of  genuine  carpets, 
or  the  gloss  of  genuine  Brussa  silks.  And  as  in  textile  industr\' 
China  gave  us  silk,  so  also  in  ceramics  that  country  taught  us  to  pro- 
duce the  finest  material — porcelain.  But  the  influence  of  oriental  art 
industry  reaches  far  be3'ond  the  mere  production  of  material.  Every 
connoisseur  of  our  modern  decorative  art  knows  that  it  owes  most 
of  its  suggestions  to  Japan.  "At  the  Paris  exposition,"  the  expei*t, 
Ad.  Fischer,  says,  "everyone  familiar  with  Japan  could  have  con- 
vinced himself  that  the  artists  of  the  various  countries  often  adopted 
the  ideas  of  some  Japanese  artist.  Thus,  for  instance,  the  porcelain 
factory  of  Roezendael  appropriated  the  glorious  flower  and  bird 
sketches  of  Schigemasa."  Fortunately,  we  have  learned  at  last  to  give 
the  Eastern  patterns  a  Western  surrounding,  but  one  familiar  with 
Japanese  art  will  frequently  discern  the  exotic  master  even  in  the 
creations  of  modern  natui*alism,  which  again  lovingl}'^  studies  our  own 
flora  and  fauna,  for  which  the  classicists  lacked  perception,  so  that  we 
are  justified  in  asking  whether  this  whole  tendency,  which  appeals 
to  us  as  something  native,  does  not  after  all  owe  its  development  to 
the  intelligent  study  of  a  foreign  cultures  One  who  saw  the  plates 
of  the  elegant  Vienna  edition  of  Schmoranz,  Altorientalische  Glas- 
gefiisse,  which  appeared  in  1898  (e.  g.,  XXIX),  will  recognize  that 
also  this  branch  of  our  modern  art  industry  has,  in  its  noblest  crea- 
tions, copied  the  Orient  with  greater  luck  than  the  antique.  This 
opens  wider  vistas  concerning  the  influence  of  the  Orient  through 
art  industr3\  Thus  VVilhelm  Bode*'  points  out  how  Venice,  which 
in  the  fifteenth  century  reveled  in  the  glory  of  Oriental  carpets, 
matured  the  grandest  school  of  colorists  in  painting,  and  indeed  the 

« Compare  Franz-Pascha,  Die  Baukunst  des  Islam,  Darmstadt,  1877,  p.  II. 
''A  good  survey  of  the  character  of  Japanese  art  Is  given  by  Max  Rrinkmann, 
Kunst  und  Kiins»tgewerl)e  in  Japan  (lecture),  Hambura:,  1883. 
^Vorderasiatische  Kniipfteppiche,  Leipzig  (1902),  p.  4. 


ORIENTAL    ELEMENTS    OF    CULTURE    IN   THE    OCCIDENT.        513 

thought  suggestn  itself  that  the  eyes  of  the  Venetian  painters  were 
trained  in  these  surroundings.  We  leave  out  of  considemtion  what 
the  antique  on  its  part  owed  to  the  Orient  and  will  only  refer,  con- 
cerning the  origin  of  the  gem,  to  the  result  arrived  at  by  Furtwiingler, 
of  Munich,  the  greatest  expert  in  glyptics:" 

The  glyptic  is  none  of  the  siwntaneoua  arts  which  arise  and  flouriali  everywhere 
where  men  attained  a  t^ertain  degree  of  culture.  It  seems,  closely  seen,  to  have  one 
original  home  to  which  all  the  other  cases  of  its  appearance  more  or  less  directly  go 
t>ack,  that  is,  Babylonia. 

And  the  gems  again  remind  me  of  the  Oriental  origin  of  the  fabulous 
animals  and  heraldic  emblems;*  the  double  eagle  is,  as  it  is  well  known, 
Hittite. 

The  spirit,  the  forms,  and  products  of  the  Orient  everywhere  per- 
vade and  transform  our  home.  Before  our  windows  blossom  the 
tulip,  the  imperial  lily,  and  the  lilac,  transmitted  to  us  b}^  the  flower- 
loving  Turks,  to  whom  we  probably  also  owe  the  horse  chestnut.  The 
eggs  of  the  hen,  a  fowl  originally  from  India,  ^  and  the  spices  and 
other  products  of  the  Tropics  have  become  indispensable  necessities  for 
our  kitchen.  Even  the  old  Gei'uian  niillet-pap  had  to  give  way  to  the 
Arabic  coffee.  Nay,  even  our  idle  pastimes  bear  the  stamp  of  Moslem 
custom,  for  we  owe  the  games  of  chess,  checkers,  and  playing  cards ^ 
to  the  Mohammedans. 

But  let  us  turn  our  attention  from  these  small  matters  to  more  impor- 
tant elements.  The  idea  of  phonetic  writing,  as  is  well  known,  had 
only  one  source.  All  the  Indo-Germanic  alphabets  have  a  common 
origin  in  the  North  Semitic  (Phoenician  or,  more  correctly,  the 
Canaanitish-Aramean).  That  also  the  South  Arabic  characters  are 
but  secondary  forms  of  it  was  proven  by  Lidzbarskil,'^  notwithstand- 
ing the  attempt  to  reverse  the  relation.  Even  the  Devanagari  script 
with  its  family  goes  back  to  the  North  Semitic  source.-^     Wherein 

«AntikeOemmen,  vol.  3,  1900,  p.  1. 

^Edward  Thomas  Rogers,  J^e  blason  chez  les  princes  musuhnans  de  Pf^gypte  et 
de  la  Syrie:  Bulletin  del'Institut  egyptien  (Seance  du  24.  d^c.  1880)  II.  S^rie  Caire 
1882,  pp.  83-131. 

^The  author  of  tlie  strange  book,  Rembrandt  als  Erzieher,  had  the  misfortune 
to  contrast  (24th  edition,  p.  43)  the  hen,  as  representative  of  the  beautiful  of  our 
native  fauna,  with  the  parrot.  The  exceptions  made  by  the  Rembrandt  philosopher  to 
the  colors  of  the  parrot  might  also  hold  good  with  regard  to  the  roller,  which  like- 
wise remains  a  German  bird. 

<'I  have  shown  in  the  Zeitschrift  der  Deutschen  Morgenlandischen  Gesellschaft  53 
(1899),  349-350,  that  the  Spanish  "naipe" — playing  card — is  derived  from  the 
Arabic  Ifiib,  play. 

*  Der  Uraprung  der  nord-und  siulsemitischen  Schrift:  Ephemeris  fiir  semitische 
Epigraphik,  vol.  1,  part  2.  This  methodically  masterly  treatise  should  form  the 
starting  point  for  all  further  investigations  in  the  field. 

/Compare  G.  Biihler,  Indische  Palaeographie  (Grundriss  der  indo-arischen  Phi- 
lologie),  Straseburg,  1896,  p.  17  ff. 

SM  1902 33 
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con^lstH  the  cultural  value  of  phonetic  or  letter  writing  f  It  is  iiot«  ns 
many  assume,  in  facilitating  the  reading,  for  psychoph ysies  has  ex])eri- 
mentally  established  the  fact  that  we,  no  less  than  the  Chinese*  read 
not  letters  but  words.  Moreover,  anvone  can  easily  convince  himst^lf 
of  this  by  the  inability  to  at  once  read  fluenth*  a  sentence  in  an  entirely 
foreign  language." 

The  circumstance  that  we  read  words  explains  the  tendency  to  revert 
to  ideographic  writing  which  we  can  observe  in  all  cui-sives  and 'espe- 
cially in  the  name  chiffre  whose  dissolution  into  their  letter  constitu- 
ents mast  be  foregone.  This  is  the  only  excuse  for  the  mischief  called 
orthography,  which  greatly  nullifies  the  use  of  the  invention  by  com- 
pelling us  to  express  the  same  sound  through  different  signs,  as  in 
German  v  and  f  and  different  sounds  through  the  same  sign,  etc.  Still, 
even  in  English,  where  a  different  vowel  from  the  one  meant  is  fre- 
quently written,  letter  writing  has  considerably'  simplified  and  facili- 
tated the  acquisition  of  reading,  and  that  means  the  spread  of  culture. 
Its  effect  also  reaches  beyond  the  limits  of  nationality  and  age,  and, 
finally,  only  through  it  could  printing  with  movabb^  type  have  become 
effective.  To  be  sure,  our  writing  is  phonetically  still  far  from  perfect 
The  forms  should  in  the  first  place  indicate  the  articulation,  and  similar 
processes,  such  as  modulation  and  aspimtion,  should  lie  expressed  hy 
the  formation  of  the  letters  themselves;  further  development  of  the 
sounds  is  conceivable  which  would  render  the  writing  simpler  and 
more  practical. 

The  invention  of  the  letter  alphabet  which  we  owe  to  the  piuctical 
sense  of  the  Semites,  and  which  was  not  essentially  modified  through 
the  Classical  and  Christian  (lermanic  culture  periods,  is  such  an 
important  achievement  that  its  historical  aspect  is  worth  consid- 
eration. To  the  spread  of  the  Semitic  alphabet  in  the  regions 
known  as  its  home,  the  find  of  Tell-el-Amarna  furnishes  the  furthest 
limit  in  time,  for  as  it  proves  that  cuneiform  writing  was  then  in 
such  exclusive  use  in  Canaan  that  even  the  Canaanitish  glosses 
are  expressed  in  this  cumbersome  script,  a  Semitic  consonantal  writ- 
ing could  hardly  have  existed  there  prior  to  140()  B.  C.  *  The  close 
relationship  between  the  writing  of  the  Moabite  Stone  (840  B.  C)  and 
the  old-Aramean  monuments  of  Senjirili  (eighth  century  B.  C.)  seems 
to  establish  a  common  origin  which  we  can  not  well  push  back  beyond 
the  eleventh  century  B.  C.  I  see,  therefore,  no  cogent  chronological 
arguments  against  the  recenth"  asf*erted  hyjiothesis  of  the  immigi'ation 

«The  Greeic  dyaytyycodKetv  (properly,  to  recognize  again)  expresses,  therefore, 
more  correctly  the  process  than  the  Latin  "  legere"  and  the  German  **  lesen/*  which 
represent  only  the  elementary  phai«e  of  reading  if  I^ere  suggests  the  collecting  of 
the  single  letters  and  dyaytyrcbdKety  the  recognizing  of  whole  words. 

^Compare  Lidzbarskii  op.  cit. 
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of  the  alphabet  iuto  Palestine  with  the  Philistines  from  Crete.  ^  As 
regards  the  inscriptions  clis<'overed  by  Evans  ^  in  Crete,  even  if,  as 
usserU»d,  they  contained  the  mother  script  of  the  Canaanitish  alphabet, 
and  the  clay  tablet  archives  of  Cnossus,  from  which  the  decipherment 
will  probably  have  to  start  as  soon  as  they  are  completely  published, 
went  l)ack  bevond  the  fourteenth  centurv  B.  C.,^  still  we  have  in  the 
Orient  much  older  systems  of  writing;  besides  it  is  far  from  settled 
that  the  question  is  here  of  a  purely  letter  alphabet.  The  very  num- 
ber 93  of  the  pictographs  discussed  by  Evans  is  against  this  assump- 
tion. H.  Kluge,*'  who  reads  them  as  Greek  chai'acters,  had  to  employ 
arbitrary  identifications  of  different  signs  in  order  to  reduce  their 
number.  Of  the  many  improbabilities  of  this  attempt  at  decipher- 
ment may  be  mentioned  the  assumption  that  the  original  vowels 
became  Semitic  lar3'ngal  signs,  while  the  opposite  development  appears 
as  the  only  natural  one.  Furthermore,  according  to  the  original 
forms  assumed  by  him  for  the  Cretan  lineal  signs,  the}'  should  have 
something  in  common  with  the  later  Greek  writing  in  contrast  to  the 
Canaanitish,  but  on  the  conti-ary  the  dependence  of  the  Greek  forms 
on  the  Canaanitish  has  been  proven  with  great  acumen  by  Lidzbarski. 
The  testimonv  of  the  ancients  themselves  that  the  letters  of  Cadmus 
went  back  to.  an  Oriental  hero  would  have  little  weight  if  it  had  not  a 
strong  support  in  the  unmistakably  Semitic  names  of  the  Greek 
characters. 

In  the  Middle  Ages  another  scarcelv  less  grand  achievement  of  the 
human  mind  was  ti-ansmitted  bv  the  Saracenes  to  the  Occident — the 
Arabic  s^^stem  of  numerals.  To  estimate  the  importance  of  reducing 
to  a  consistent  system  the  position  value  of  the  signs  which  rest  on  the 
invention  of  the  Zero,  we  must  recall  the  utter  impossibility  of  calcu- 
lating a  logarithmic  table  with  Greek  or  Roman  numerals,  and  the 
absolute  necessity  of  this  auxiliary  for  all  modern  mathematical 
sciences.  Even  the  simplest  arithmetical  operations,  as  division,  could 
not  possibly  be  carried  on  with  the  antique  numerals,  and  it  requires, 
indeed,  a  kind  of  fanaticism  to  prefer,  even  at  present,  on  title  pages 
such  modes  of  writing  as  CIOIOCCCLXXXVIII,  etc.,  inst-ead  of  1888. 

The  form  of  the  Arabic  ciphers  exhibit  in  many  directions  remark- 
able relations.  There  was,  of  course,  many  attempts  to  refer  them  to 
an  Occidental  origin,  but  these  attempts  are  to  be  taken  still  less  seri- 
ously than  those  concerning  letter  script.  The  graphic  evolution  of 
the  Arabic  numerals  from  the  Roman,  defended  with  much  skill  by 

a  A.  Fries,  Die  neuesten  Forec'hiingen  fiber  den  Ureprung  des  semitischen  Alpha- 
bets, ZeitFC'hrift  des  Deutschen  Paliistina  Vereins,  xxii,  1899,  118-126. 

^Arthur  J.  Evanp,  Primitive  Pirtographs  and  a  pre- Phcenician  script  from  Crete 
afid  the  Peloponnese:  The  Journal  of  Hellenic  Studies,  xiv,  London,  1894,  pp.  270- 
372;  Further  Discoveries  of  Cretan  and  iEgean  Script,  ibid.,  xvii,  1897,  pp.  327-395. 

<^Athenieum,  May  19,  1900,  p.  634. 

''DieSchriftder  Mykenier,  Cothen,  1897. 


516      ORIENTAL    ELEMENTS    OF   CULTURE    IN   THE   OCCIDENT. 

S^dillot,^  i.s  a  mere  play  of  fanc}'  and  can  not  be  followed  up  historic- 
ally, unless  one  should  introduce  as  an  argument  for  it  the  iii  of  the 
rock  inscription  of  the  tenth  century  at  Tor,  near  the  Gulf  Suez,  writ- 
ten in  Roman  fashion  immediately  before  the  Ambic  numerals.*  On 
the  other  hand  that  the  Divant  or  Siyaqat  (ciphers,  which  show  some 
similarities  to  the  common  Arabic  numerals,  arose  from  the  abbrevi- 
ated Arabic  numei-als,  was  already  correctly  recognized  by  De  Sacy.*" 
Nevertheless  the  Indian  origin  of  the  Arabic  numei*als,  acknowledged 
bv  the  Arabs  themselves,  can  now  l)e  considered  as  absolutelv  certain. 
Prinsep's  view/  that  the  numerals  of  India  developed  from  the 
initial  letters  of  the  corresponding  numbers,  does  not  take  into  account 
the  possibility  of  accidental  similarity  between  simple  signs.  As 
regards  India  ciphers  1-3,  the  formation  through  the  corresponding 
number  of  strokes  would  at  tirst  suggest  itself/  but  foreign  influence 
is  probable.  But  our  tirst  task,  laying  aside  conjecture.s,  should  l>e  to 
collect  all  the  data  on  the  ciphers.-^  Woejx'ke's^  assumption  of  a  migra- 
tion of  the  Indian  ciphers  during  the  second  or  third  century  to  Alex- 
andria is  wholly  improbable,  and  also  devoid  of  any  proof.  Alexandria 
had  no  need  for  foreign  numerals,  and  the  India  svstem,  being  at  that 
time  still  without  the  symlml  0  (zero),  had  no  material  advantages  over 
the  antique.  Rather,  in  their  coui'se  to  the  west,  we  iii*st  meet  the 
India  numerals  among  the  Ambs,  the  earliest  documentary  proof  l)eing 
furnished  by  the  Fayum  Papyrus,  No.  798,  of  the  Vienna  collection  of 
260  A.  H.  (=^.878-74  A.  D.).^    The  west  Arabic  rather  than  the  east 

«Sur  rorigine  de  nos  chiffre.s,  lettre  de  M.  L.  Am.  S^dillot  ii  M.  le  prim^e  Baltiia- 
sar  Bonconipagni.  Extrait  deH  Atti  delP  Accadeniia  poiitificia  de'Nuovi  Lincei,  Tomo 
xviii-Anno  xviii  ^essione  Va  del  2  Aprile,  1865,  Rome,  18H5,  ef^peeially  p.  6. 

''Compare  Zeit«<hr.  der  Deut^oh.  Morgenl,  Ge8ellseli.  50,  1896,  p.  90. 

<*Grammaire  Aral)e,  2d  e<l.,  vol.  1,  Paris,  1831,  p.  91  and  plate  viii.  Examples  of 
the  Si ya(]at  numerals  are  also  found  in  the  proeeeclings  of  the  International  Congrese 
of  OrientaliHts  at  Vienna,  1888,  Semitic  Section,  pi.  ii.  Turkish  MSS.  of  the  Library 
of  the  Deutwhe  Morgenl.  (iesellsch..  No.  5,  of  the  old  catalogue  (II,  p.  39).  The 
photograph  of  another  Turkish  document  with  Siakat  ciphers,  the  original  of  which 
is  in  the  Ethnographical  ^luseum  at  Munich,  was  sent  me  a  few  days  ago  by  Dr.  Buch- 
ner.  Count  El>erhard  von  Miilinen,  who  first  called  my  attention  to  this  scj-ipt  and 
who  kindly  placed  at  my  disposal  some  motlern  examples  of  it,  refers  me  t4>  Ismail 
Ghalil)  bin  Edhem,  Takvhn-i-meskukiat-i-seldschukijje,  Constantinople,  1309,  p.  56. 

'Mournal  of  the  Asiatic  Society  of  Bengal,  v^ol.  vii,  part  1,  Calcutta,  1838,  p.  348  ff. 

^Compare  Biihler,  Indische  Palaeogmphie,  pi.  ix. 

/I  refer  to  Euting's  synopsis  of  the  Aramean  ciphers  in  his  Nabataische  Install rif ten, 
p.  96-97;  Lidzbarski,  Handbuch  dernordsemitischen  Epigraphik,  p.  198  ff.;  Gottht>ld 
Gundermann,  Die  Zahlzeichen,  G lessen,  1899;  on  the  evolution  of  cipher  writing  in 
India,  Biihler,  Indische  Palaeographie,  pi.  ix. 

u  .Mcmoire  snr  la  propagation  des  chiffn.»8  indiens:  Journal  Asiatique,  S<'»rie  vi. 
Tome  1,  1863. 

^Comp.  Karabacek,  Fiihrer  <lurch  die  Ausstellung  (Papynis  Erzherzog  Rainer), 
pp.  2H)-2 1 7 ;  for  later  prools  id.  in  Wiener  Zeitschrift  fiir  die  Kunde  der  Mdigeulanded, 
xi,  1897,  p.  13. 
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Arabic  numerals  resemble  ours  as  well  as  those  of  India,  because 
they  have  more  faithfully  preserved  the  old  Arabic  forms.  The  his- 
tory of  writing  offers  in  this  respect  a  parallel,  since  the  Maghrib 
alphabet  stands  in  many  respects  much  nearer  the  Cufic  than  does 
the  Neskhi.  The  ciphers  of  a  Shiraz  manuscript  of  the  tenth  cen- 
turv^  shows  the  transition  of  the  older  Islamic  forms  into  those  at 
present  in  use  in  the  East. 

In  earlier  times  the  zero  was  represented  by  a  point;  the  circular 
form  is  secondary^.  R.  Hoernle*  believes  he  recognizes  the  beginning 
of  this  sign  in  India  in  the  fragments  of  an  Indian  arithmetic  recently 
discovered,  which  he  would  ascribe  to  the  third  or  fourth  century  A.  D., 
and  in  which  the  point  is  also  still  employed  for  the  unknown  quan- 
tity. If  it  must  be  admitted  that  there  is  no  inscriptional  evidence 
for  the  zero  before  the  eighth  century,  still  there  are  indications  of  its 
existence  in  India  even  in  previous  centuries.  I  also  believe  that  there 
is  another  series  of  phenomena  connected  with  the  history  of  the 
development  of  the  zero  which  until  now  have  not  been  considered 
under  this  aspect.  The  Greek  philologians  used  at  first  to  mark  pas- 
sages which  they  considered  as  not  genuine  by  a  horizontal  line  called 
o/SeXog.  In  the  Hexapla  of  Origen  the  o/SeXos  appears  in  various 
forms  without  any  addition,  as  hypolemniscus  with  a  point  under- 
neath, as  lemniscus  with  two  points,  one  above  and  the  other  underneath 
the  line.  As  these  signs  are  used  promiscuously,  those  provided  with 
points  probablv  did  not  originate  with  Origen  himself,  but  represent 
attempts  at  explanation  by  the  scribes.  The  connection  between  the 
obelos  points  and  the  canceling  point,  which  writers  of  different  lan- 
guages of  the  Orient  and  Occident  place  over  letters  which  we  would 
erase,  is  evident.  In  Latin  this  process  was  alread}"  in  the  fifth  cen- 
tury in  vogue.''  As  regards  (ireek,*'  Syriac,  Armenian,  I  can  onl}"  assert 
the  fact  without  being  able  to  fix  the  date  of  its  beginning.  In  the 
Hebrew  Old  Testament,  too,  our  texts  mark  every  letter  to  be  can- 
celed by  a  point  over  it  (compare,  for  instance,  Crenesis  xvi,  5),  and  if 
an  entire  word  should  not  be  read  the  point  is  repeated  over  every 
letter  of  it  (compare,  for  instance.  Genesis  xxxiii,  4).  In  Psalm 
xxvii,  3,  is  even  found  a  mark  corresponding  to  the  lemniscus;  that  is, 
points  above  and  under  every  letter.  The  mention mg  of  these  points 
in  the  Talmud^  shows  that  they  are  older  than  the  Masoretic  vowel 

"Reproduced  by  Woepcke,  op.  cit.,"p.  75,  column  4. 

''On  theBakhshali  manuscript,  in  the  Proceedings  of  the  Vllth  International  Con- 
gress of  Orientalists  at  Vienna,  1886,  Aryan  pe<tion,  pp.  131-1.^2.  Compare  also  M. 
nal)erlandt,  Zur  (iewhichte  der  Null.  Oeaterreichische  Monati^chriit  fur  den  Orient, 
Wien,  1890,  vol.  1(>,  pp.  158-160. 

<•  Maunce  Prou,  Manuel  de  I'aleographie  latme  et  franvaiw  du  vi"  au  xvii',  Hie<*le, 
Pans,  o.  J   S.,  151. 

<' Compare  CJardthausen,  (iriechinche  Pidaeographie,  I>eipzig,  1879,  pp.  278-279. 

'Der  Baby lonische Talmud ulHjrsetztvon  NViinsche,  1,  llalbliand,  Leipzig,  1886, p. 6. 
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system  which  the  Talmud  does  not  yet  know.  The  circle  (circellus)  is 
met  with  in  the  Old  Testament  canon  when  the  reading  of  the  text  is 
supplanted  by  a  Masoretic  marginal  correction,  which  appears  in  our 
editions  as  a  footnote.  A  small  circle  with  negating  force  is  also 
known  to  the  Arabic  popular  script  which  arose  in  the  period  of  the 
Omeyads.  The  well-known  Arabic  sign  of  vowel lessness,  called  sukiin 
or  jezma,  is  perhaps  not  an  unimportant  connecting  link  in  the  history 
of  the  zero.  It  differs,  it  is  true,  from  the  other  cases  in  so  far  that 
it  negates  the  vowel,  not  the  consonant,  but  Noldeko,  in  his  Gesehichte 
des  Qorans,  page  316,  has  also  adduced  an  instance  of  the  latter;  in  the 
Cufic  codex,  Wetzstein,  n.  s..  No.  5,  a  yellow  zero  appears  as  a  can- 
celing mark  of  a  consonant.''  In  addition  to  the  paleographical  wit- 
nesses come  also  historical  ones. 

In  a  poem  composed  by  a  Bedouin  during  an  expedition  to  Cyprus 
under  the  Calif  Al-Walid  Ibn  Yazid  (125-26  A.  H.=743  A.  D.),*^  the 
author  deprecated  the  sea  voyage,  which  he  would  gladly  exchange  for 
a  camel's  ride,  resigning  wages  and  heavenly  reward  to  others — if  he 
had  but  firm  land  beneath  his  feet,  he  would  at  once  desert:  "  Verily/' 
he  exclaims,  "mv  name  at  the  roll  call  will  receive  a  circle.^'  Positive 
evidence  for  the  existence  of  the  zero  sign  in  the  Occident  and  its  Latin 
name  cifra  can  be  shown  only  since  the  twelfth  century.^  In  the  six- 
teenth century  a  division  of  meaning  takes  place  so  that  the  word  in 
the  form  of  "  Zero "  preserved  the  old  signification  of  null  (zero), 
while  in  that  of  "  chiffre,"  cipher,  it  wa«  used  for  any  numeral.*^  While 
1  readily  agree  with  Krumbacher  that  the  word  sipos,  which  twice 
made  its  appearance  in  the  Occident,  can  only  be  tl^^rjcpog  (psephos) 
I  know  of  no  phonetic  Arabic  parallel  to  the  derivation  of  sif r  from 
^rj<po((po)pia  (psephophoria).  Sifr  occurs  in  the  meaning  of  ''empty," 
even  in  pre-Islamic  time.*  We  shall  therefore  have  to  accept  the  old 
explanation*^  that  Arabic  sifr  in  the  meaning  of  zero  is  a  translation  of 
the  corresponding  Indian  sunya.^  As  m  the  case  of  the  sign  for  no  value, 
so  also  from  the  Orient  comes  the  sign  for  the  unknown  value.  Here, 
too,  most  desperate  attempts  were  made  to  show  its  derivation  from 

«  We  employ  the  canceling  points  at  an  erased  word  and  they  feler  theji  to  the 
erasure. 

^Noeldeke,  Delectus  veteruni  carminum  Arabiconim,  p.  62,  Wellhauseiu  Die 
Kampfe  der  Araber  mit  den  Romaern  m  der  Zeit  der  Umaijiden,  p.  32. 

<;Comp.  Karl  Krumbacher,  Wohher  stammt  das  Wort  Ziffer  (chiffre)?  in  Psichan, 
Etudes  de  philologie  neo-greoque  (Bibhoth^que  de  TEi^ote  des  hautes  etudes',  92) 
Paris,  1892,  p.  347. 

t' Krumbacher,  op.  cit.,  p.  348. 

^'Comp.  H&Hm,  ed.  Schulthess,  31,  9,  comp.  alsosafiraM-wit&bu.  ImrnulqiiaiH.  Ahl- 
wardt  7,  3,  Ibn  al-Athir,  i,  p.  379. 

y  VVoepcke,  op.  cit.  p.  522. 

(/A  good  survey  of  this  question  is  given  by  Hermann  8chul)ert,  Zuhlen  und  Zahl: 
Virchow-Holtzendorlf'sche  Vorthige,  Neue  Folge,  2d  series,  part  13,  Hamburg,  1887. 
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the  antique  culture  sphere,  and  each  theoiy  had  adherents.  Thus, 
according  to  Prouhet,  whom  C.  Henry  still  praises"  for  his  "inge- 
nious" idea,  we  must'believe  that  our  X  was  the  Roman  sign  for  1,000, 
viz,  oo(=CIO),  for  one  says:  ''He  eats  for  4,"  etc.  One  would 
expect  that  mathematicians,  and  especially  arithmeticians,  would  be  a 
little  more  precise  in  handling  numbers  and  not  write  1,000  for  any 
other  number.  Lagarde,  as  is  well  known,  has  proven'^  that  the  X  of 
the  mathematicians  is  an  abbreviation  of  the  Arabic  word  shei,  ''a 
thing,"  "something,"  which  as  early  as  the  eleventh  century  was  used 
to  designate  the  unknown,  and  which  in  the  then  prevailing  Western 
transcription  was  rendered  by  xei  and  still  appears  in  this  form  in 
Pedro  de  Alcala. 

We  have  thus  seen  that  two  of  the  most  important  foundations  of 
our  culture,  the  alphabet  and  the  ciphers,  were  gifts  of  the  East.  In 
order  to  obtain  a  more  definite  judgment  of  the  share  of  the  Orient 
and  Occident  in  civilizing  humanity,  let  us  now  turn  to  those  discov- 
eries and  inventions  which  have  contributed  most  to  the  mighty  mentjil 
progi-ess  of  the  last  centuries. 

We  begin  to  outgrow  the  ideals  of  so-called  Humanbm.  Our  age 
is  in  transition  from  classicism  to  universalism.  Mental  achievements 
are  never  formed  from  cloud  mists,  but  need  a  concrete  basis.  The 
broad  foundation  of  our  modern  world  view  is  the  result  of  familiarit}^ 
with  the  spirit  of  foreign  civilizations,  and  these  could  enter  into  our 
horizon  only  after  the  invention  of  the  compass,  which  made  naviga- 
tion on  the  ocean  possible.  The  magnet  needle  was  known  to  the 
Chinese  even  in  the  beginning  of  the  second  century  A.  D.,  the  most 
impoilant  evidence  of  this  fact  being  given  in  Klaproth's  famous  let- 
ter to  Alexander  von  Humboldt.  Sur  Tinvention  de  la  bussole,^  Ibn 
'Adhari  quotes  an  Arabic  verse  of  854  A.  D.,  in  which  the  qaramit 
(=calamita)  is  mentioned  in  a  connection  which  would  imply  its  refer- 
ring to  the  ship's  compass. '^ 

The  work  of  civilization  needs  periods  of  peace.  These  we  owe  to 
the  improvement  of  our  militar}'  affairs,  which  have  made  war  more 
terrible,  but  also  less  frequent.     This,  again,  was  made  possible  only 

«  Revue  archeolojrfque,  Nouvelle  S^rie,  vol.  38,  p.  5. 

^Woher  stainmt  das  X  der  Mathematiker:  Mittheilungen,  Grdttingen,  1884,  vol. 
I.,  pp.  134-137. 

<•  Paris,  1834  (abbreviate<l  in  Gennan  by  A.  Wittstein,  Leipzig,  1885). 

''Comp.  Al-Bajanu'  1-inughrib,  ed.  Dozy,  Leiden,  1849-1851,  vol.  ii,  p.  97;  comp. 
p.  39  of  the  glossary.  See  also  Journal  Asiatique,  vi,  11  (1868),  p.  174  ff.;  Stein- 
R'hneider,  Intomoad  alcuni  pae^i  d*opere  del  medio  evo  relativi  allacalainita,  Roma, 
1871. — A.  Schijck  (Hat  Europa  den  Kompass  iiber  Arabien  oder  hat  ihn  Arabien 
von  Europa  erhalten?:  Ausland,  65,  1892)  is  not  acquainted  with  the  important  tes- 
timony of  Ibn  'Adh^ri,  although  it  was  to  be  found  in  E.  Wiedemann,  Vjlicr  die 
Naturwissennchaften  bei  den  Arabem,  p.  20,  and  thus  arrived  at  wrong  conclusions, 
as  the  earliest  Arabic  information  known  to  him  dates  from  the  thirteenth  oentary. 
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b}'^  the  invention  of  gunpowder,  which  gave  to  the  intellectual  element 
the  sole  mastery  in  warfare.  The  a  priori  conviction  of  many  that 
only  the  Greeks  or  Romans  could  have  invented  gunpowder  led  to  a 
dire  confusion  in  this  question.  Combustibles  like  naphtha,  etc.,  to 
which  class  also  Greek  fire  belongs,  were  in  use  in  the  armies  of  the 
Califs^'  and  were  confounded  w^ith  explosives.  Marcus  Graecus,  who 
had  a  receipt  for  making  gunpowder  from  saltpeter,  coal,  and  sulphur, 
being  credited  to  the  ninth  century,  while  he  actually  wrote  about  1250, 
and  this  under  Arabic  influence.  The  monk  Berthold  Schwarz  is 
naturally  a  counterpart  to  the  pretended  inventor  of  the  com^iass, 
Flavio  Gioja,  the  historical  facts  about  both  being  in  doubt.  In  any 
case,  their  lives  are  placed  in  a  time  when  the  inventions  which  they 
are  said  to  have  made  had  long  been  known.  Those  who  would  recon- 
cile this  discrepancy  try  to  reserve  for  these  men  some  improvement 
which  they  might  have  applied,  but  as  a  rule  with  little  succes**. 
A  critical  sifting  of  the  evidence  begins  only  with  Romocki's  excel- 
lent history  of  explosives,^  followed  by  a  summarizing  lecture  by 
Dr.  Edmund  O.  von  Lippmann  at  Halle.^  Both  specialists  arrived  at 
the  same  conclusion,  that  saltpeter  was  first  known  in  China,  !)ut  not 
before  about  the  middle  of  the  twelfth  century.  We  have  old  Chinese 
accounts  of  the  brave  and  successful  defense  of  the  Chinese  citv  of 
Pian-king  (K'ai-fung)  on  the  Lower  Hwang-ho  against  the  Mongols 
under  Ogotai  in  1232.^  Here  we  first  find  explosives,  blasting  bodies, 
and  rockets  employed  by  the  Chinese  against  the  enemy.  Of  their 
form  we  get  an  idea  from  the  cuts  in  Chinese  tire  books.  In  the 
thirteenth  century  the  Arabs  became  acquainted  with  saltpeter, 
through  China,  for  they  designate  it  as  thelg  as-Sin  (Chinese  snow), 
and  the  rockets  as  sahm  Khatai  (Chinese  arrow).  In  the  fire  book  of 
Hasan  ar-Rammah  (Paris  National  Library,  de  Slane's  catalogue  No. 
2825  ff.),  which  originated  between  1275  and  1295,  saltpeter  already 
forms  the  'M)asis  of  fireworks"  (Romocki).  The  same  Hasan  ar- 
Kammah  for  the  first  time  describes  a  torpedo  as  baida  takhrug  wa-tah- 
ru(i  (an  egg  which  comes  forth  burning)  with  a  cut  in  one  of  the  Paris 
manuscripts,  reproduced  by  Romocki,  p.  71/ 

More  important  for  us,  however,  than  the  compass  and  gunpowder 

«  Comp.  on  their  naphtha  (Hviaion  my  Arabischer  Beriohterstatter,  3d  e*l.,  p.  6()-67. 

&S.  J.  von  Romocki,  Geschicht^  der  ExploHivstoffe:  I.  (ieschiohtederSprengstoff- 
chemie,  der  8pren>;technik  und  des  Torpedowesens  bis  zum  Beginn  der  neiies«ten 
Zeit,  Berlin,  1895. 

<'Zur  Gesehichte  dea  Schiessjiulvers  und  der  Feuerwaffen,  Zeitsehrift  fi'ir  Natiir- 
wissenschaft,  vol.  71,  1898,  j>p.  295-36t. 

''Fully  translated  by  Stanislas  Julien  in  Reinaud  et  Fave,  Du  feu  gr^geois,  deffeux 
de  guerre  et  des  origin es  de  la  poudre  jl  canon  chez  les  Aralx's,  les  Persans  et  les 
Chinoin:  Journal  Asiatique,  octobre  1849,  p.  284  ff.,  rei)rinted  by  Romocki,  p.  45  ff. 

«"Comp.  also  Max  J:lhns,  Handbuch  eincr  (ie^ichichte  des  Kriegswesens,  Leipzig, 
1880,  p.  518  ff.;  Gt«<hichte der  Kriegswissenschaften,  Miinchen,  1889,  i,  pp.  179-182. 
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was  another  invention,  I  mean  that  of  printing,  on  which  in  recent 
years  new  light  has  been  shed,  especially  through  the  finds  in  Egypt. 
If  printing  now  appears  to  us  as  the  greatest  achievement  of  civiliza- 
tion, the  merit  of  the  invention  rests  less  on  the  fundamental  idea  than 
on  two  preliminar\^  conditions  which  rendered  it  possible  to  be  turned 
to  account,  and  without  which  the  process  would  have  remained 
unpractical,  namely,  the  manufacture  of  a  cheap  writing  material 
and  the  phonetic  system  of  writing  by  which  the  entire  fund  of 
language  can  be  represented  through  two  dozen  signs.  We  shall  see 
how  the  Orient  can  claim  in  all  these  elements  a  considerable  share  of 
glory.  In  the  first  place,  as  regards  the  fundamental  idea  of  printing, 
it  can  hardlv  l)e  called  a  feat  of  genius,  for  the  idea  already  exisU^d  in 
the  use  of  ancient  seal  signs  and  mint  stamps.  The  Babylonians 
who,  as  is  well  known,  used  claj'  as  writing  material,  knew  a  method 
of  multiplying  texts  analogous  to  book  printing.  We  have  old 
oriental  seal  cylinders"  covered  with  longer  or  shorter  texts  that  were 
impressed  in  soft  cla}'^  as  the  cylinders  rolled  over  it.  Writing  mate- 
rials of  classical  antiquity  were  too  costly  to  make  the  general  appli- 
cation of  this  process  feasible.  The  art  died  out  until  East  Asia 
solved  the  problem  of  material  in  a  way  before  unsurpassed.  As 
recently  as  1875  Wattenbach,  in  the  second  edition  of  his  Schrift- 
wesen  im  Mittelalter  (p.  114),  said:  "Paper  *  *  *  wraps  its 
origin  in  thick  darkness  which  will  probably  never  he  dissipated." 
How  strangely  this  sentence  now  reads  since  the  history  of  paper  has 
come  to  be  perhaps  more  unfolded  to  us  than  the  history  of  any  other 
ancient  invention.  We  owe  this  progress  above  all  to  the  fortunate 
circumstance  that  the  greater  part  of  the  papyrus  find  in  the  Fayum 
came  into  the  hands  of  investigators  at  Vienna  who  understood  it  well 
enough  to  make  a  scientific  use  of  it,  while  the  part  which  strayed  to 
Berlin  has  contributed  nothing  to  the  numerous  and  surprising  results 
gained  in  Vienna. 

Ancient  civilized  nations  at  first  used  for  writing  materials  what 
nature  produced  in  a  condition  already  suited  to  that  purpose.  So 
the  Chinese  formerly  employed  })amboo,  as  we  can  infer  from  the 
(composition  of  some  of  the  characters  of  their  indeogiuphic  writings.* 
The  employment  of  color  conti^ast  must  also  be  considered  as  a  step 
forward,  for  at  first  the  signs  were  merely  scratched,  as  was  the  cus- 
tom of  our  ancestors.      I  surmise  that  the  invention  of  the  pit  (or 

« 

''Sec^  Furtwiingler,  Antikc  (Temmon,  vol.  1,  plate  1;  vol.  3,  p.  1  ff.  Illustrations 
an»  found,  for  inBtance,  in  HonimerH  (lOHchichte  Ba))yl()niens  and  Assyriens.  Before 
the  coming  of  nraralw  into  une  this  form  of  seal  prevailed  also  in' Egypt.  Furt- 
wiingler, op.  cit.  See  Dyroff,  Fiihrer  durch  das  Koniglit^he  Antiquannni  in 
Miinchen,  p.  lOt). 

'^Comp.  for  the  following  Friodric-h  Uirth,  Die  Krfmdung  des  Papiers  in  China: 
Toung  Pao,  I^iden,  18?K),  vol.  i,  p.  i  ff,  reprinte<l,  without  Chinese  tyiH's,  in  his 
Cliinesische  Studien,  vol.  i,  j>.  259  ff. 
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brush  of  rat's  hair,  which  the  Chinese  still  use  instead  of  the  pen)  is 
connected  through  MOng-T'ien  (died  209  B.  C.)"  with  the  appearance 
of  a  softer  writing  material  which,  according  to  Chinese  accounts 
found  in  Hirth,  was,  even  in  pre-Christian  time,  made  from  silk  scraps. 
About  100  A.  D.  Ts'ai  Lun,  the  director  of  the  imperial  manufactory 
of  arms,  made  his  inmioiial  invention.  Finding  silk  too  expensive  and 
bamboo  unhandy,  he  devised  a  new  writing  material  and  manufa<*- 
tured  paper  out  of  bark,  hemp,  rags,  and  fish  nets.  It  is  well  known 
that  paper  can  be  obtained  from  various  plant  fibers  by  freeing  them 
from  foreign  substances,  vigorously  stirring  when  in  a  moist  condition 
and  drying  in  thin  layers.  The  older  processes  show  a  similarity  to  the 
manufacture  of  felt,  except  that  felt  is  made  from  raw  animal  mate- 
rials while  the  paper  industry  uses  vegetable  fiber.  As  felt  manu- 
facture was  particularly  at  home  among  the  East-Turkish  nomads,  it 
may  be  supposed  that  the  suggestion  for  the  preparation  of  paper 
came  from  them  to  China,  the  more  so  as  we  first  of  all  hear  of  I'aw 
animal  materials  (silk  scraps).  The  most  important  source  on  Ts'ai 
Lun  is  his  biography  in  the  annals  of  the  later  Han,  which  treats  of 
the  period  of  25-220  A.  D.  The  great  impoi*tance  of  the  new  inven- 
tion was  already  recognized  in  his  lifetime,  and  succeeding  years  did 
Qot  forget  his  merit.  In  105  A.  D.  Ts'ai  Lun  was  oflScially  praised 
by  a  cabinet  order,  and  his  house  and  the  stone  on  which  he  stamped 
his  paper  were  for  many  centuries  considered  as  celebrated  sights. 

To  the  Vienna  orientalist,  Hammer-Purgstall,  belongs  the  merit  of 
having  first  brought  to  light  from  Islamic  sources  the  important 
account  of  the  spread  of  Chinese  paper  by  way  of  Samarkand  to  the 
West;*  the  precise  date  was  established  by  Karabacek.**  The  most 
impoi-tant  source,  Tha'alibfs  Lataif  al-ma'arif ,^  relates  of  the  pa[)er 
industry  of  Samarkand,  which  superseded  papyrus  and  parchment, 
that  it  was  transplanted  thither  by  Chinese  prisoners  of  war,  captured 
by  Zi3^fid,  son  of  Sfilih.  There  is  a  parallel  account  in  Qazwinfs 
Athfir  al-bilSd.*"  Karabacek's  somewhat  free  translation  seems  to  me 
to  have  much  obscured  the  meaning  of  the  ittakhadha.  I  should  ren- 
der the  quotation  from  Qazwlni:  '*The  author  of  Kingdoms  and 
Traveling-routes  relates  that  prisoners  of  war  from  China  were  trans- 
planted to  Samarkand,  among  whom  were  some  who  undei*stood  the 
manufacture  of  paper  and  choose  it,"  etc.     The  reference  here  is  evi- 

« 1  am  indebted  for  this  precise  date  to  Professor  Hirth,  of  Munich,  whom  I  con- 
salted  in  some  cases  about  the  transcribing  of  Chinese  names. 

^Zeitschr.  der  Deutecheu  raorgenl.  Ciesellsch.,  vol.  viii,  1854,  p.  529, 

<'Comp.  for.  the  following  Karabacek,  Das  arabische  Papier,  reprint  from  the 
second  and  third  volumes  of  the  Mittheilungen  aus  der  Sammlung  der  Papynu* 
Erzherzog  Bainer,  Vienna,  1887,  and  Neue  Qucllen  zur  Papyrusgenchichto  by  the 
same,  reprint  from  the  fourth  volume  of  the  Mittheilungen,  Wien,  1888. 

''  Edition  of  De  Jong,  p.  126. 

'  Edition  of  Wustenfeld,  p.  360. 
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dently  to  the  Mukataba,  or  right  of  slaves  to  buy  their  liberty,  for  as 
infidel  prisoners  of  war  were  by  Islamic  law  retained  as  serfs  until 
they  could  accumulate  the  necessary  ransom,  they  had  to  be  given  an 
opportunity  for  carrying  on  a  trade.  In  the  present  case  some  of  the 
Chinese  paper  makers  chose  the  paper  industry.  The  enterprise  was 
successful  and  became  a  permanent  acquisition  for  Samarkand.  Ziyad 
Ibn  Salih  is  therefore  not  to  be  considered  a  genius  in  economics  who 
wished  to  turn  the  skill  of  the  foreigners  into  the  service  of  hLs  own 
state.  From  both  Arabic  and  Chinese  sources,  which  agree  even  as 
regards  the  month,  we  learn  that  Ziyad  gained  a  great  victory  over 
the  Turkish  princes,  who  were  waging  war  against  each  other,  and  the 
auxiliaries  sent  by  the  Chinese  Emperor  under  the  command  of  the 
Korean  Kao  Hsien-fa  in  July  of  751.  Only  on  this  occasion  could 
those  prisoners  of  war  have  come  to  Samarkand. 

The  Barmecide  Al  Fadl  Ibn  Yahya,  brother  of  the  grand  vizier  Ga'f ar 
who  is  known  from  the  Thousand  and  One  Nights,  had  as  governor  of 
Khurasan  opportunities  to  become  acquainted  with  the  Samarkand 
paper  and  transplanted  this  industry,  as  is  related  by  Ibn  Khaldfln 
under  the  reign  of  HSrun-ar-Rashid,  between  794  and  795  to  Baghdad. 
By  this  step  the  Barmecide  acquired  great  praise  for  himself,  the  city 
of  the  Califs  having  taken  the  lead  in  paper  manufactories  that  spread 
into  all  Islamic  countries,  as  far  as  Spain.  The  Museum  Erzherzog 
Rainer  possesses  two  Arabic  letters  on  I'ag  paper  (Nos.  917  and  918)  of 
about  800  A.  D.,  which  are  probably  two  specimens  of  the  Bagdad 
paper  factory  a  few  years  after  its  establishment.  The  excavations  of 
M.  A.  Stein  in  Chinese  Turkestan  may  have  brought  to  light  still  older 
paper  samples.''  By  a  chronological  sifting  of  the  Fayum  documents, 
the  gradual  use  of  paper  in  place  of  papyrus  can  be  distinctly  fol- 
lowed, and  in  the  middle  of  the  tenth  century  the  latter  is  entirely 
supei*seded.  At  the  beginning  of  the  eleventh  century  we  first  meet 
in  the  Fustat  bazar  with  packing  paper*  in  place  of  the  coarse  papyrus 
of  which  Pliny,  xiii,  23,  says:  Nam  emporica  inutilis  scril)endo  invo- 
lucris  chartarum  segestriumque  mercibus  usum  pra^bet,  ideo  a  merca- 
toribus  cognominata. 

In  agreement  with  the  account  of  Fihrist  (p.  21)  that  the  Khurasan 
paper  was  made  of  linen,  Wiesner's  microscopic  investigations  have 
proved  that  cotton  paper  was  not  the  predecessor  of  linen  paper,  as 
was  formerly  thought,  but  had  never  existed.*^ 

For  the  further  spread  of  paper  in  the  Occident  we  have  only  Wat- 

«So  far  only  the  preliminary  report,  London,  1901,  is  accessible  to  me. 

^Comp.  Karabacek,  Das  arabische  Papier,  p.  37.  Perhaps  the  Egyptian  docu- 
ment finds  come  from  such  packing  paper  stores  for  which  the  numerous  documents 
of  a  private  character  would  speak. 

<'J.  Wiesnef,  Die  FaijAmer  und  Uschmilneiner  Papiere:  Mittheilungen  aus  der 
Sammlung  Erzherzog  Rainer,  vols.  2  and  3,  Wien,  pp.  179-260. 
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teH])ach's  compilation'*  from  which  it  is  difficult  to  obtain  a  clear  view. 
Still,  according  to  the  data  given  by  hira,  it  seems  that  paper  produc- 
tion came  from  the  Arabs  to  Southern  Europe  in  the  twelfth  century 
and  in  the  fourteenth  to  Germany  (p.  145).  How  thoroughlj'  the 
invention,  the  history  of  which  we  have  just  sketched,  now  pervades 
all  our  relations  in  life  is  shown  among  other  things  hy  the  cognomen 
of  "paper  age"  given  to  our  time.  Borrowings  of  civilization  have 
also  their  ti'aces  in  the  language.  And  indeed  our  pa^^er  measures, 
"quire*"  and  "ream,"'  go  back  to  old-Arabic  time.  "Ream"  is  the 
Arabic  rezma,  "package,"  which  passed  into  Spanish  as  resma,  into 
Italian  as  risma,  into  German  as  ries,  into  French  as  rame.  For 
"quire"  the  French  say  "main  de  papier,"  the  Russian  "dyest 
bumagi."  Dest  is  the  Persian  word  for  hand  and  in  Arabic  also 
denotes  a  pan*  and  a  measure.^  On  the  other  hand,  for  the  material 
itself  the  languages  of  the  Occident  did  not  receive  a  new  word  but 
transferred  the  Egyptian  designation  of  the  older  writing  material 
to  the  new  descendant  which  in  common  with  the  former  is  of  vege- 
table nature,  just  as  the  name  "  pen"  was  inherited  by  the  more  perfect 
steel  writing  instrument. 

Like  the  art  of  paper  making,  so  also  that  of  printing  wandered  from 
the  Orient  to  the  Occident  in  the  form  of  fabric  printing  (Zengdruck). 
Nol)ody  has  thus  far  made  a  study  of  this  industry  in  China;  in  fact, 
there  is  a  general  dearth  of  workers  in  the  field  of  sinology.  It  is 
well  known  of  the  Dayaks  of  Borneo  that  they  first  cut  the  designs  of 
their  tattooings  in  wood,  then,  with  the  aid  of  a  pigment,  impressed 
it  on  the  skin  and  performed  the  operation  after  this  pattern.  *'  We 
possess  Egyptian  fabric  prints  of  the  sixth  century.  What  is  perhaps 
the  oldest  sample  comes,  it  is  true,  from  the  tomb  of  St.  Csesarius  at 
Aries,  but  is  very  probably  of  Egyptian  origin''  and  is  preserved  in 
the  (rermanic  Museum  at  Nuremberg.-^  This  same  institution  possesses 
a  valuable  collection  of  fabric  prints  of  the  sixth  and  seventh  centuries, 
which  Dr.  Forrer,  of  Strasburg,  excavated  at  Ikhmini,  in  Upper 
Egypt;  also  two  fabric  print  models  from  the  same  place.  A  shred 
reproduced  by  Forrer^  seems  to  represent  the  beginnings  of  the  art 
in  the  Occident  and  dates,  according  to  him,  from  the  Carolingian 

"  Schriftwej»cm  iin  Mittelalter,  3(1  edition,  Leipzig,  1891. 

''(■oinp.  Fleischer,  De plopsis Habichtianis,  Lipaij*^,  1836,  pp.  13-14,  und  Leavoyagts 
<le  Sindebad  le  Marin,  ed.  Machuel,  2d  6d.  .\lger,  1884,  p.  13  of  the  Arabic  text, 

<Comp.,  for  instance,  Ibn  at-Tiqta(iil,  ed.  Ahiwardt,  p.  131;  faakala  nia'ahu  de*«- 
tani  niina'  1-kbnbzi  V  sanddhi,  he  ate  a  dest  of  cracknels;  in  the  Stambul  Kara^iV/ 
print,  "  Karag<>zun  aktor  olmaay,"  is  read,  p.  8,  "bir  desta  kiat,"  a  <lest  of  paper. 

''See  Ileinricli  Si^hurtz,  IJrgeschichte  der  Knltur,  p.  397,  and  the  illnatration  of  a 
tattooing  stamp  on  p.  398. 

''Conip.  R.  Forrer,  Ix*s  Tniprinieurs  des  Tissus,  Strasbourg!  1898,  p.  9, 

/No.  1088  in  Hanijx^'s  Katalog  der  GeweU^sanunlung  dt«  (lerinanischen  National- 
musenins,  1.  part,  Nurendx'rg,  1H9B. 

9V\e  Knnat  <les  Ztmgdrucks,  Stra^abnrg,  1898,  plate  iii,  No.  1. 
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period.  In  the  succeeding  centuries  it  was  Cxeriuany  that  a»ssiduously 
cultivated  fabric  printing  in  the  Occident/' 

Printing *on  paper  arose  in  China  as  a  consequence  of  paper  inven- 
tion. As  earh'  as  175  A.  D.  the  text  of  the  Chinese  classic^s  was  iX)sttHl 
on  the  outer  walls  of  the  university  and  impressions  were  taken  of  it. 
At  the  end  of  the  sixth  century  printing  wa«  carried  on  in  China  with 
wooden  plates,  for  at  that  time  the  remnants  of  the  classical  Inwks 
were  cut  in  wood  bv  order  of  the  founder  of  the  Sui  dvnastv.*  At 
an  earl}'  period  the  Chinese  invention  migrated  to  Japan.  On  the 
beginnings  of  Japanese  printing  Satow  gives  a  thorough  study.  We 
learn  from  it  that  in  7<)4  the  Japanese  Empress  8h6-toku  ordered  a 
million  of  small  wooden  pagodas,  each  contiiining  an  imprint  of  a  pas- 
sage from  the  Buddhist  lKX)k  Vimala  nirbhasa  Sutni,  to  be  distributed 
among  the  Buddhist  temples  and  monasteries.  Tlie  <*arrying  out  of 
this  command  was  brought  to  an  end  in  770.  A  number  of  these 
imgodas  have  been  rediscovered  in  the  Horyu  monastery  at  Yamato. 
They  contain  on  long  roUed-up  strips  Sanskrit  texts,  but  in  Chinese 
characters.  Facsimiles  so  far  exist  only  in  Japanese  works.**  We 
also  possess  metal  printing  plates  of  the  year  81H,  with  Chinese  signs 
in  relief.''-  Hirth  found  a  book  offered  for  sale  in  China  which  was 
printed  from  plates  in  1054  A.  D.,  containing  poems  by  a  jwet  of 
the  Sung  dynasty,  with  a  portrait  of  the  author  in  woodcut'  For 
the  succeeding  centuries  information  on  l)ook  printing  in  East  Asia 
l>ecomes  more  and  more  abundant. 

Although  the  geographer  Ritter  pointed  out  the  antiquity  of  the 
art  of  book  printing  in  the  monasteries  of  the  Lamjvs,.^'no  headway,  it 
seems,  has  been  made  in  fixing  the  dates  of  the  old  Tibetan  prints,  as 
the  persons  mentioned  in  them  as  the  printers  or  patrons  are  otherwise 
unknown.  According  to  the  history  of  Buddhism  in  Mongolia,  trans- 
lated by  Huth,^  the  first  Tibetan  copy  of  the  Kanjur  and  Tanjur  was 

oin  addition  to  the  literature  mentioned  alx)ve,  comi>are  on  c^lieo  printing 
Forrer,  Die  Zeugdnicke  der  byzantinlMfhen,  romanischen,  gotisrhen  und  sjwiteren 
Kunstepochen,  Straasburg,  1894;  Karabacek,  Fuhrer  durch  die  Ausstelhing  (Papy- 
rus Erzherzog  Rainer),  Wien,  1894,  pp.  228,229. 

''Satow,  On  the  early  history  of  printing  in  Ja|)an:  TransactionB  of  tlie  Ai^iatic 
Society  of  Japan,  vol.  x,  Yokohama,  1882,  p.  48ff. 

<*Kwanko  zattshr>  und  Kokoku  8hobatf»u. 

^'Reprodut^ed  in  Shiuko  zisshiu,  vol.  i. 

•^F.  II.,  Old  Chinese  books:  Journal  of  the  China  branch  of  the  R<3yal  Asiatic 
Society  for  the  year  1885,  New  Series,  vol.  xx,  Shanghai,  1886,  p.  53. 

/Erdkunde,  2d  part,  2  book;  Anien,  vol.  1,  2d  ed.,  Berlin,  1832, pp.  744-745. 

0 '  Jigs-med  nam-mk'a  ans  dera  Til)etiflchen  heransgegelien,  ul)ersetzt  und  erliiutert 
von  (teoi^IIuth,  ii,  Stra«<burg,  1896,  p,  165;  comp.  K<)ppen,  Die  Religion  des  Buddha, 
ii,  p.  277:  ** Tibet  i4»,  like  (Jennany  and  China,  a  land  of  l)ook8.  Much  iH  being 
printed  there  and  it  haw  l>eon  so  a  long  time  back,  for  the  printing  press  has  l)een 
known  to  the  inhabitants  of  the  enow  kingdom  perha|>8  since  the  Tang  dynasty 
under  which  it  was  invented  in  China,  but  certainly  since  the  Mongol  pericxl — that 
is,  at  least  two  centuries  before  it  was  known  to  the  Europeans." 


526       ORIENTAL    ELEMENTS   OF    CULTURE    IN   THE    OCCIDENT, 

printed  in  Tibet  during  the  reign  of  the  Mongol  King  Poyant'o  Khan 
(1311-131i)).  It  contains  the  account  of  a  piou8  man  who  emigrated  to 
Mongolia  and  there  became  priest  of  the  ruler  mentioned  al^ve.  *'  He 
sent  from  Mongolia  a  large  quantity'  of  perquisites  for  the  printing  of 
the  bKa-'gyur  and  the  bsTan-'gyur,  but  particularly  a  small  box  full 
of  Chinese  blacking.  The  Lama  rejoiced  over  it.  Bloghsal  of  dBu8 
and  others  printed  with  the  plates  thus  sent  the  bKa-'gyur  and  the 
bsTan-'gyur  at  T'ugs-k'u  and  recommended  the  placing  of  these  copies 
in  the  Manyughosha  temple  at  sNar-t'an.  After  that  the  copies  of  the 
Kag3'ur  and  Tan-gyur  became  very  abundant." 

Of  the  further  spread  of  printing  in  the  Occident  nothing  w^as  known 
until  a  few  years  ago.  On  the  other  hand,  it  was  well  known  that  the 
Islamic  Orient  for  a  long  time  opposed  the  introduction  of  the  printing 
press.  Their  opposition  was  founded  on  the  apprehension — not  offi- 
cially acknowledged — that  the  hogs'  bristles,  which  the  Mohammedans 
always  suspect  in  the  brushes  used  for  the  cleaning  of  the  tvpes,  might 
touch  in  the  type  the  name  of  Allah.  Even  at  present  the  Koi-an  is 
not  being  printed  in  the  Orient,  and  lithography  is  generally  given 
the  preference,  and  the  Moslem  prints  b}^  reason  of  the  imperfect  clean- 
ing of  the  types  are  much  inferior  to  those  of  the  Jesuits  in  Beyrout. 
In  Constantinople  a  printing  establishment  came  in  existence  only  in 
1727  in  consequence  of  a  hatt-i-sherif  of  the  Sultan  Ahmed  III.'*  The 
accounts  of  the  Euclid  in  Arabic,  supposed  to  have  been  printed  in  the 
sixteenth  century  at  Constantinople,*  rests,  as  I  have  been  able  to  ascer- 
tain in  the  library  of  the  Deutsche  Morgenlftndische  Gesellschaft,  on 
an  erroneous  interpretation  of  the  statements  on  the  last  leaf  of  a  folio 
edition  at  Rome  in  1594. 

Great,  therefore,  was  the  surprise  when  the  Fayum  find  brought  to 
light  thirty  Arabic  plate  prints  from  Egypt  belonging  to  the  tenth 
Christian  centurv,  two  of  them  perhaps  even  lo  the  ninth  century/  In 
the  excellent  Fiihrer  durch  die  Ausstellung  (guide  to  the  exhibit) 
Karabacek  declares,  page  247,  that  ''they  are,  as  regards  the  cut  of  the 
forms  and  the  process  of  printing,  perfectly  identical  with  the  Chinese." 
But  I  must  contradict  him  when  *he  goes  on  to  say,  ''Thus  our  col- 
lection preserves  the  oldest  prints  in  the  world  so  far  known,"'  for,  as 
I  have  shown  above,  older  Japanese  prints  were  then  known.     The 

«0f  the  prints  of  this  oldest  Turkish  press  the  University  ]-.ibrary  at  Eriangon 
possesses  a  description  of  America  under  the  title  of  "Tarikh  al-Hind  al-gharbi 
al-nnLsamniil  bi-hadith-i-new,  Rama' an,  1142  A.  H.,'*  the  Library  of  the  DeutiH-he 
Morgenlandische  Gesellschaft  Nazmizadc's  Turkish  translation  of  Ihn  ^ArabschAh's 
Tarikh-i-Timur  of  the  same  year,  as,  also,  Hadji  Khalfa'sTaqwim  at-tawilHkh  of  1146 
A.  H.,  and  I  pernonally  have  the  Grammaire  Turque  of  1730  A.  D. 

^Dibbin,  Mdes  Althorpiana?,  vol.  1,  London,  1822,  p.  127:  *' Euclides.  Arabic^*. 
Constantinop.,  1588.  A  beautiful  large  copy  of  a  very  uncommon  edition.*'  ♦  «  * 
Comp.  (traepse,  Tr^sor,  ii,  p.  515. 

<?Comp.  Osterreichische  Monataschrift  fiir  den  Orient,  vol.  16,  1890,  p.  167. 
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Ara])ic  documents  at  Vienna  are  partly  printed  blat'k  on  white,  partly 
white  on  black;  No.  929  is  printed  in  red.  In  one  cajse  (No.  941)  there 
are  Coptic  characters  in  addition  to  the  Arabic.  They  are  without 
any  value  as  regards  their  contents.  A  printed  piece  of  the  Koran, 
reproduced  by  Karabacek  in  the  Fiihrer,  page  248,  shows  that  the 
Mohammedans  were  not  then  prejudiced  in  this  respect. 

The  historical  continuity  of  printing  can  not  be  proven  with  the 
same  certainty  as  that  of  the  use  of  paper.  Still,  to  show  that  the 
knowledge  of  printing  on  paper  remained  alive  in  the  Orient,  the  fol- 
lowing witnesses  can  be  adduced.  According  to  Karabacek,  who 
refers  to  Abu  Shama's  Kitab  ar-raudatain,^  the  compulsory  bank 
notes,  each  of  one  dinar,  issued  in  1147  in  northern  Syria,  were  pro- 
duced by  plate  printing,  and  in  the  paper  money  printing  bureau 
established  in  1293  A.  D.  at  Tebriz  the  work  was  carried  on  after 
Chinese  patterns.*  Furthermore,  the  Persian  historian  Rashid-ed-din 
(died  1318  A.  D.)  gives  a  description  of  the  Chinese  process  of  print- 
ing.^ We  learn  from  this  description  the  interesting  fact  that  at  that 
time  editions  of  a  certain  number  of  copies  were  not  printed,  but  the 
plates  were  kept  under  lock  in  the  libraries.  Anyone  who  wished  to 
buy  a  book  went  thither  and  had  an  impression  made.  The  cultural 
value  of  the  edition  should  not  be  underestimated.  Thus,  for  instance, 
the  importance  of  book  printing  for  the  Reformation  would  have  been 
much  impaired  by  the  old  Chinese  process  of  multiplying. 

As  long  as  paper  had  to  be  imported  into  the  Occident  it  could  not 
be  cheap,  because  of  limited  means  of  communication  in  the  Middle 
Ages.  From  Wattenbach ''  we  learn  that  in  Germany,  at  least,  the  use 
of  paper  became  more  general  onh-  after  the  fourteenth  century. 
After  paper  production  was  established  in  the  Occident  we  observe 
here,  as  among  the  Chinese  and  the  Arabs,  that  printing  followed  in 
its  tmn.' 

The  step  from  printing  from  plates  to  that  with  movable  types  was, 
with  our  phonetic  system  of  only  two  dozen  signs,  still  less  a  feat  of 
genius  than  the  invention  of  the  printing  process  at  large.  In  the 
Wegweisser  durch  das  Germanische  Museum,  Nuremberg,  1901,  page 
147,  the  following  passage  occurs:  ''In  recent  time  some  think  they 

«  Pi-inted  at  Cairo  1287  A.  H.  =  1870-71  A.  D. 

ftConip^  Karabacek,  Neue  Entdec'kungen  zur  Geschichte  des  Papiers  iind  Druckes: 
Osterreichische  Monatsschrift  fur  den  Orient,  vol.  16,  1890,  pp.  169-170. 

<^Comp.  M.  J.  Klaproth,  Lettre  il  M.  le  Baron  A.  de  Humboldt  sur  I'invention  de 
la  bouesole,  Paris,  1834,  pp.  131-132. 

rfS<^hriftwesen  im  Mittelalter,  3d  ed.^  p.  149. 

<'Corap.  T.  O.  Weigel  und  A.  Zestermann,  Die  Anfange  der  Druckerkunst,  2  vol- 
umes, Leipzig,  1866;  Katalog  fruhester  Krzeugnisee  der  Druckerkunst  der  T.  O. 
Weigel^schen  Sammlung,  Leipzig,  1872;  A.  Essenwein,  Aiteste  Druckerzeugnisse  im 
(lermanischen  Museum:  Anzeiger  fiir  die  Kunde  der  deutschen  Vorzeit,  Xurembeiy, 
1872,  colunms  241-248;  W.  L,  Schreiber,  Vorstufen  der  Typographic:  Gutenberg- 
Festschrift,  Leipzig,  1900,  p.  30  £f. 
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have  found  proofs  that  the  Romans  of  the  later  periods  of  the  Empire 
were  acquainted  with  the  art  of  printing  with  movable  types,  or  that  at 
least  attempts  in  that  direction  were  then  made/'  I  could  find  no  light 
on  this  paragraph  which  is  apt  to  stir  up  the  emotion  of  the  visitors. 
The  statement  is  made  in  such  a  timid  manner  that  one  susi)ects  it 
could  stiind  the  test  no  better  than  the  analogous  assertions  discussed 
above.  But  it  is  true  that  Gutenberg  was  not  the  first  in  the  Occident 
to  conceive  the  idea  of  printing  with  mova])le  types,  for  initials, 
prefixed  letters,  seem  to  have  been  early  in  use,"  and  the  Dominican, 
Conrad  Forster,  ])orn  at  Ansbach,  was  employing  movable  types  at 
Nuremberg  between  1437  and  1457  in  bindings,  copies  of  which  are  still 
extant  at  Leipzig,  Nuremlierg,  and  Wurzburg.''  Chinese  sources  name 
^s  the  inventor  of  printing  with  movable  types  of  dav  the  smith 
Pi-Shong  between  1041  and  1049  A.  D/'  Though  we  have  no  jjositive 
indications  of  a  migmtion  of  this  art  to  the  West,  still  there  recently 
came  to  light  books  in  East  Asia  which  had  been  printed  with  movable 
types  long  before  (jutenberg.  The  oldest  east  Asiatic  print  from  tyiK\s 
which  Satow  personally  examined  dates  from  the  period  between  1317 
and  1324;  whether  it  is  of  Korean  origin  or  Chinese  can  not  be  decided 
with  ceilainty.''  In  a  supplement  to  his  study  just  referred  to  Satow 
describes  Korean  books  printed  from  metal  types,''  whitrh  furnishes 
another  proof  for  the  priority  of  printing  from  types  in  East  Asia. 
One  of  these,  printed  in  1409,  contains,  in  an  epilogue,  an  important 
contribution  to  the  history  of  type  printing,  for  in  it  the  King  of 
Korea  relates  how,  having  recognized  the  inadequac}-  of  printing  from 
wood  plates,  he  had  for  the  preservation  of  literature  ordered  the 
manufacture  of  copper  types  at  his  personal  expense  and  that  of  his 
court  and  not  at  the  expense  of  his  subjects.  The  memorable  epilogue, 
which  is  dated  between  December  14,  1403,  and  January  12,  1404, 
closes  with  prayers  for  the  future  prosperity  of  the  undertaking. 
Still,  even  this  most  important  of  all  human  inventions  could  not 
thrive  in  its  own  home,  since  the  Chinese  ideographic  writing  re<|uiivd 
such  a  large  mass  of  type  material  that  it  almost  outweighed  the  advan- 
tages of  the  innovation.  Only  through  our  Semitic  phonetic  alphal)et 
could  the  idea  become  the  factor  in  civilization  that  it  now  represent*^. 


«Schreiber,  Gutenberg- Festschrift,  pp.  67-68;  Wattenbaeh,  op.  cit.,  p.  269. 

''Comp.  Franz  Falk,  Der  Stempeldruck  vor  (Jutenlwrg  und  iStcnrij)el<lrucke  in 
Deutschland;  (lUtenberg-FeHtschrift,  pp.  73-79. 

''Conip.  Staninlas  Julien,  Documents  sur  I'art  <riniprimer  il  I'aide  de  planrhi^  en 
bois,  de  planches  en  pierre  et  de  types  mobiles,  invent^*  en  Chine  lon^temps  avant 
qne  TEurope  en  fit  usage;  extraits  des  livres  chinois;  Journal  Asiatique,  iv,  9,  Paris, 
1847,  p.  511ff.=Coniptes  rendus  des  s^'ances  de  I'Academie  des  Sciences,  Tome  21, 
Paris,  1847,  p.  lODoff.     (The  Chinese  types  are  given  in  the  Journal  Asiatique  only, ) 

^Comp.  Transactions  of  the  Asiatic  Society  of  Japan  X  Yokohanui,  1882,  p.  63. 

''Further  notes  on  movable  types  in  Korea  and  early  Japanese  printe<i  books, 
ibid.,  pp.  252-259. 
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If  we  now  jmss  in  review  the  procedinor  disquisitions  and  reeall  all 
the  ^resit  world-transforming  consequences  of  those  achievements 
which  we.  without  question,  owe  to  the  Orient,  we  shall  hax'e  to 
acknowledge  that  they  form  the  presuppositions  of  a  >ery  innx)rtant 
part  of  our  mental  life.  Of  course,  our  civilization  is  for  all  that 
no  more  oriental  than  antique.  Each  j>eople  lives  it<  own  life  of  cul- 
ture; only  impulses  come  from  the  outside.  To  gain  a  right  estimate 
of  their  iniportan<*e  we  must  not  allow  ourselve-s  to  l>c  misled  by 
enthusiastic  phrases,  but,  standing  on  the  solid  ground  of  facts^ 
investigate  how  far  the  effect  of  the  impulses  roac^h,  {mrticularly 
whether  thev  touch  onlv  a  caste  or  the  ma^s.  While  Hellenism  did 
not  reach  the  people — a  Greek  name  in  a  |X)pular  song  would  at  once 
characterize  it  as  not  genuine*' — but  continues  its  existence  chiefly 
within  certain  scholastic  circles,  the  usefulness  of  the  comimss,  a)iait 
from  indirect  ways,  directly  benefit*  the  entire  seafaring  population^ 
and  the  advantages  of  explosives  are  appreciated  by  every  soldier,  while 
writing  and  printing  may  be  considered  as  the  common  pro|)erty  of 
all  mankind. 

We  do  not  cultivate  the  languages  of  the  Orient  l)ecause  of  the 
might}"  influence  of  its  people  over  the  Occident  in  centuries  past,  but 
because  we  hope  from  these  studies  there  may  come  even  givater 
benefits  in  the  future.  As  Humanism  once  meant  a  considemble 
widening  of  the  mental  horizon,  so  it  means  at  present  for  our  state 
of  civilization  an  artificial  narrowing,  having  crystalized  into  a  cold 
classicism  *  and,  according  to  the  well-known  law  of  human  develop- 
ment, resembling  in  many  respects  the  old  scholasticism  which  it  once 
conquered.  But  we  expect,  analogous  to  the  Humanists,  that  our 
science,  after  removal  of  certain  external  olistiiclcs  which  of  hite  have 
hindered  its  progress,  will  have  the  mission,  in  union  with  other 
sciences  which  are  more  and  more  being  developed  from  decade  to 
decade,  to  deliver  mankind  from  a  one-sided  world  view  and  to  give 
it  back  the  understanding  for  the  beautiful  in  nil  its  manifoldness. 


« Entirely  erroneous  is  the  theory  pro|K)un(le<l  at  preflent  that  popular  pootry 
arises  solely  from  the  more  or  less  Jearned  flaps.  Wlicro  is  tlu»  art  form  of  the 
drawing-room  from  which,  for  instance,  the  popular  ditties  ("Schna<lerhupfer') 
could  have  developed?  There  is  only  so  much  truth  in  this  theory  that  no  hard  and 
fast  hues  can  be  drawn  between  both,  and  that  they  frequently  influence  one  another, 
though  the  really  good  comes  more  often  from  below  than  ffom  above. 

'^The  enrichment  through  subjective  assimilation  ot  foreign  elements  is  the  latest 
phase  of  deveiopuumt  which  is  as  yet  in  its  beginning. 
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Eg}'|)t  has  probably  l>een  farmed  for  over  seven  thousand  veal's. 
Until  the  prt^st^nt  century  practu^ll}-  all  the  farming  done  was  by  l>asin 
irrigation,  which  system  consists  in  flooding  large  areas  of  land  sur- 
rounded by  dikes  with  water  taken  from  the  Nile  River  during  time 
of  flood.  These  basins  vary  in  size  from  le^ss  than  5  acres  to  over 
50,(XH>  acres,  and  in  a  normal  flood  year  are  filled  with  WTiter  to  an 
average  depth  of  4  feet  for  a  period  of  about  six  weeks,  after  which 
the  water  is  drained  away  and  the  seed  sown  in  the  newly  dejwsitetl 
mud  without  cultivation.  Such  a  S3"stem  of  irrigation  is  very  waste- 
ful of  water  and  permits  the  growth  of  but  one  crop  per  year. 

About  1820  Mohammed  Ali,  the  reigning  viceroy,  started  a  move- 
ment which  has  almost  revolutionized  the  agriculture  of  Egypt.  He 
dug  canals  from  the  Nile,  so  that  water  could  be  had  for  irrigation 
throughout  the  j^ear,  permitting  the  growing  of  such  crops  as  cotton, 
which  would  not  mature  under  basin  irrigation,  and,  what  is  more 
important,  enabling  two  and  sometimes  three  crops  to  be  grown  each 
year.  To-day,  of  the  6,250,000  acres  of  arable  land  in  Egj'pt,  less  than 
2,000,000  acres  are  watered  by  the  ancient  basin  system. 

While  this  change  is  more  economical  of  water  it  necessitates  a 
more  uniform  supply  throughout  the  season.  The  Nile  can  always  be 
depended  upon  to  supply  8,000  cubic  feet  per  second,  but  for  the 
complete  development  of  the  modern  or  perennial  system  of  irrigation 
at  least  30,000  cubic  feet  per  second  are  needed  throughout  the  year. 
During  flood  season  the  Nile  frequently  discharges  from  300,000  to 
500,000  cubic  feet  per  second. 

To  conserve  this  flood  supply  for  use  during  seasons  of  low  water,  a 
system  of  storage  dams  and  regulators  at  various  points  on  the  Nile 

« Reprinted,  by  permission,  Irom  Forestry  and  Irrigation,  Wai«hingU)n,  D,  C, 

Vol.  VIII,  No.  12,  December,  1902.     [Fomiaily  dedicated  Decern  In*  r  8— A  new  type 

of  structure  which  may  mark  an  epoch  in  irrigation  engineering— Photos  hirnishe<I 

by  the  author  through  courtesy  of  the  Egyptian  Government.] 

631 


532  .THE   NILE    RESERVOIR   DAM    AT   A8SUAN. 

has  been  planned.  As  earl}^  as  the  time  of  Mohammed  AH  this  plan 
was  under  consideration,  but  it  was  not  until  Mr.  W.  Willcocks  wa.s 
appointed  director-general  of  reservoirs  that  the  storage  of  water  on 
the  Nile  was  thoroughly  considered. 

In  1890  Mr.  Willcocks  presented  a  report  on  the  subject  to  the 
Egyptian  Government,  in  1894  issued  a  second  report,  and  in  1S95  a 
final  report,  with  plans  and  estimates.  The  central  feature  of  this 
system  of  flood  control  provides  for  a  dam  across  the  Nile  at  the  head 
of  the  first  catamct,  or  5  miles  above  the  town  of  Assuan.  In  181)8,  a 
short  time  after  Mr.  Willcocks  had  left  the  service  of  the  Egyptian 
Government,  contracts  were  signed  by  Sir  John  Aird  &  Co.  for  the 
construction  within  five  years  of  the  Assuan  dam,  upon  the  plans  pre- 
pared by  Mr.  Willcocks.  Sir  Benjamin  Baker  acted  as  cx>nsulting 
engineer,  and  Mr.  Maurice  Fitzmorris  was  appointed  resident  engineer. 

The  dam  as  completed  during  the  present  summer  conforms  almost 
throughout  to  the  plans  of  Mr.  Willcocks.  His  original  plans  pro- 
vided for  the  construction  of  a  dam  following  the  line  of  soundcxst 
rock  across  the  stream,  with  60  undersluices  having  an  area  of  21,500 
square  feet,  or  suflScient  to  carry  oflF  the  maximum  floods  of  the  river. 
In  the  plan  of  1894,  100  undersluices  were  provided  of  the  same 
capacity.  In  the  final  design  there  are  140  undersluices,  each  23  by  0^ 
feet,  and  40  at  a  higher  level,  11^  by  6^  feet,  giving  a  sluiceway'  of 
24,000  square  feet. 

The  question  of  the  height  of  the  dam  involved  a  vexatious  problem: 
the  island  of  Philae,  which  lies  just  above  the  cataract,  contains 
some  of  the  best  preserved  temples  and  buildings  of  ancient  Egy^pt. 
Mr.  Willcocks'  plan  of  a  dam,  100  feet  above  the  zero  of  the  Assuan 
gage,  with  a  capacity  of  85,000,000,000  cubic  feet  of  water,  would 
submerge  these  temples  to  a  depth  of  26  feet  for  a  portion  of  each 
year.  In  his  book  upon  the  dam,  Mr.  Willcocks  says:  "The  Inter- 
national Commission  held  widely  divergent  views  about  Phila^  temple. 
M.  Boul6  refused  to  have  anything  to  do  with  a  project  which  in 
any  way  deranged  the  temple.  Signor  Torricelli  said  that  he  had 
been  asked  his  opinion  about  the  dam,  and  about  the  dam  he  would 
give  his  opinion,  regardless  of  temples  and  antiquities,  which  were 
outside  his  province.  Sir  Benjamin  Baker  proposed  misingthe  whole 
temple,  like  a  great  Chicago  hotel,  clean  above  the  high  level  of  the 
reservoir.  Savants  and  antiquaries,  and  many  who  were  neither 
savants  nor  antiquaries,  but  to  whom  Phila?  offered  an  easy  opportunity 
of  obtiiining  notoriety,  all  joined  in  the  fray.  Eventually,  in  a  moment 
of  great  weakness,  the  Kg^'ptian  (irovernment,  buoyed  up  by  a  suc- 
cession of  good  summers,  accepted  the  lowering  of  the  level  of  the 
reservoir,  so  that  only  a  part  of  Phihv  temple  should  be  drowned. 
The  new  reservoir  level  was  to  be  26  feet  below  that  hitherto  proposed, 
and  the  capacity  of  the  reservoir  was  to  be  reduced  from  85,000,0<X),00l> 
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to  35,000,000,000  cubic  feet  of  water.  Fortunately  the  conditions  of 
stabilit}"  laid  down  by  the  International  Commission  on  the  initiative 
of  Signor  Torricelli  were  so  severe  that  1  was  able  to  design  a  dam 
nominally  capable  of  holding  up  35,000,000,000  cubic  feet  of  water, 
but  actually  strong  enough  to  hold  up  70,000,000,000." 

The  dam  is  located  5  miles  south  of  Assuan,  or  about  550  miles  south 
of  Cairo,  at  the  head  of  the  first  catai-act.  At  this  point  the  Nile  falls 
about  16  feet  in  4  miles,  the  bed  of  the  river  being  granite  rock.  The 
fall  is  so  slight  that  the  cataract  through  most  of  the  year  is  practically 
no  more  than  rapids.  The  Nile  boats  go  down  the  rapids  and  are 
towed  up  at  nearly  all  stages  of  the  river. 

The  dam  is  almost  exactly  one  and  a  quarter  miles  long  and  has  a 
maximum  height  above  the  foundation  of  147  feet.  The  foundation 
was  laid  upon  solid  granite  throughout.  The  rock  was  decomposed  to 
a  great  depth;  in  some  cases  as  much  as  45  feet  were  removed  before 
solid  rock  was  found.  This  large  amount  of  excavation  increased  the 
actual  cost  of  the  work  beyond  the  original  estimate.  No  drill  holes 
were  made  in  the  underlying  rock  before  the  work  of  construction 
was  commenced,  so  that  the  information  upon  which  the  original  esti- 
mate was  made  was  not  as  complete  as  it  might  have  been  in  this 
respect.  The  dam  is  23  feet  wide  at  the  top  and  allows  for  a  roadway 
13  feet  wide,  on  which  is  laid  a  narrow-guage  track.  The  rock  is 
gninite,  quarried  near  by,  and  laid  in  Portland  cement.  It  is  said  that 
600,000  barrels  of  cement  were  used  in  this  masonry — an  order  suffici- 
ently large  to  materially  affect  the  market  value  of  cement  in  England. 
It  is  interesting  to  note  that  although  the  volume  of  masonry  is  very 
large,  yet  it  approximates  only  one-fourth  of  the  cubic  contents  of  the 
Great  Pvramid  near  Cairo. 

The  building  of  the  dam  was  rendered  especially  difficult  b}'  the 
high  floods  which  annually  come  down  the  -Nile.  The  nonnal  differ- 
ence in  level  between  high  and  low  water  at  Assuan  is  38  feet,  and 
work  could  be  carried  on  to  advantage  onl}^  during  low  water. 

To  expose  a  portion  of  the  river  bed,  dikes  were  built,  and  the  por- 
tion of  the  bed  thus  laid  bare  was  excavated  to  solid  rock.  The  foun- 
dation was  then  built  up  to  about  normal  flood  level,  and  a  new  portion 
of  the  bed  dried.  In  this  manner  the  foundation  was  completed  across 
the  river,  and  later  the  superstructure  was  added  to  the  desired  height. 
As  will  be  seen  by  the  accompanying  illustrations,  there  was  a  great 
deal  of  hand  labor,  as  many  as  12,000  workmen  being  employed  at  one 
time,  about  one-tenth  of  whom  were  skilled  Italian  masons. 

The  sluices  are  arranged  in  tiers  at  three  levels.  Iron  gates  of  the 
Stoney  system,  running  on  rollers  in  steel  grooves,  permit  the  closing 
or  opening  of  all  the  sluices  in  a  very  few  moments,  the  gates  being 
suspended  on  steel  wire  cable  and  falling  by  their  own  weight.  The 
winches  are  operated  by  hand.     A  few  of  the  sluices  are  lined  with 
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iron,  but  the  greater  number  are  lined  with  dressed  granite  blocks  of 
large  size. 

Around  the  western  end  of  the  dam  a  ship  canal  32  feet  wide,  with 
four  locks,  has  been  completed.  This  canal  added  very  materiall^^  to 
the  total  cost  of  the  dam.  The  gates  in  the  canal  are  said  to  be  con- 
structed on  plans  drawn  for  lock  gates  on  the  proposed  Nicaraguan 
Canal. 

The  sluice  gates  in  the  dam  are  opened  during  the  first  part  of  the 
flood  season.  In  this  time  the  muddiest  part  of  the  flood  passes 
through  the  dam.  As  the  river  commences  to  fall — and  fortunately 
the  water*  carries  much  less  sediment  at  that  time — the  gates  are 
gradually  lowered.  As  the  flood  subsides,  a  portion  of  the  water  is 
thus  held  up,  and  when  the  season  of  low  water  arrives,  with  its  con- 
sequent scarcity  in  the  perennial  canals  lower  down  the  river,  the 
reservoir  is  full.  Then  the  gates  are  slowly  opened,  and  as  the  river 
continues  to  fall  the  reservoir  supply  is  drawn  upon  and  the  flow 
downstream  from  the  dam  maintained  suflSciently  to  irrigate  the 
desired  acreage  of  land.  The  flow  out  of  the  dam  is  arranged  so  that 
the  reservoir  will  be  empty  and  the  gates  of  the  sluices  open  when  the 
flood  again  comes  down  the  river.  There  are  no  canals  of  large  size 
taken  from  the  river  near  the  dam,  so  the  water  which  is  stored  is 
turned  into  the  river  .and  taken  out  again  farther  down  the  stream. 

By. this  system  of  managing  the  gates  in  the  sluices,  it  is  hoped  to 
allow  the  greater  part  of  the  muddy  water  to  go  below  the  dam  and 
to  store  the  clearer  waters  of  the  later  part  of  the  flood.  These  later 
waters  are  known  to  be  much  clearer  and  to  carry  a  sediment  which 
will  remain  in  suspension  for  a  long  time;  yet  the  problem  of  silt  in 
this  reservoir  is  a  serious  one  and  the  results  which  are  obtained  from 
this  type  of  dam  will  be  watched  with  interest  by  American  irrigation 
experts. 

The  reservoir  as  now  completed  has  a  capacit}^  of  800,000  acre-feet, 
or,  according  to  Mr.  Willcocks,  enough  water  to  irrigate  600,000  acres 
of  cotton  and  sugar  cane.  As  has  been  stated,  this  water  is  not  to  be 
used  for  the  extension  of  the  irrigated  area  in  Eg^^pt,  but  is  intended 
to  be  used  in  extending  the  area  of  perennially  irrigated  land  at  the 
expense  of  the  area  under  basin  irrigation. 

The  cost  of  the  dam  can  not  be  stated  accurately.  The  original 
estimate  was  $8,750,000,  but  this  sum  was  exceeded.  The  total  cost 
to  date  is  between  the  above  sum  and  $10,000,000,  making  the  cost 
about  $12.50  per  acre-foot.  The  value  of  this  water  to  Egypt  is  said 
to  be  $100,000,000,  or  ten  times  the  actual  cost. 

The  Assuan  dam  is  but  one  of  a  large  number  of  engineering  works 
planned  for  the  complete  subjugation  and  control  of  the  Nile.  It  is 
hoped  to  build  weirs  and  controlling  works  on  the  Nile  at  a  number  of 
points  above  Assuan  for  the  irrigation  of  deseiii  land  in  the  Sudan  and 
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Central  Africa.  Below  Assiian  a  weir  has  already  been  built  at  Assiut 
and  one  is  under  construction  at  Zifta.  These  weirs  are  designed  to 
raise  the  level  of  the  Nile  at  low  water  to  fill  the  irrigating  canals 
already  in  operation  or  to  be  constructed.  As  a  safety  valve,  to  let 
the  highest  and  destructive  floods  escape,  a  plan  is  under  consideration 
to  construct  a  canal  to  Wady  Ray  an,  a  depression  in  the  Sahara  to  the 
west  of  the  Nile  Valley,  and  drain  into  it  the  excess  of  water  which 
would  otherwise  damage  Middle  and  Lower  Egypt. 
To  again  quote  from  Mr.  Willcocks: 

"The  AssuSn  dam  is  a  work  of  a  type  designed  for  the  conservation 
of  the  flood  waters  and  which  is  new  in  the  world.  If  successful  it 
will  mark  an  epoch  in  dam  building.  There  must  be  sites  on  the  tor- 
rential rivers  of  the  arid  and-  semiarid  regions  of  South  Africa,  Aus- 
tralia, and  North  America,  where  dams  of  the  type  of  the  one  at 
Aasuan  will  supply  a  want  which  has  long  been  recognized. 

''A  reservoir  dam,  which  will  allow  the  earlier  noods  laden  with 
deposits  a  free  and  unimpeded  passage  and  which  will  afterwards 
captivate  the  comparatively  clear  waters  of  the  terminal  inundations 
and  earl}^  percolations  and  store  them  for  subsequent  use,  ought  to  put 
new  life  into  many  abandoned  projects  for  perennial  irrigation.  But 
the  provision  of  perennial  irrigation  is  not  the  only  object  for  which 
this  type  of  dam  may  be  employed.  Provided  with  its  numerous  flood 
openings,  it  may  be  looked  upon  as  a  weir  capable  of  controlling  the 
mightiest  rivers  in  flood  just  as  ordinary  weirs  control  them  in  times 
of  Tow  supply;  it  may  thus  be  utilized  for  the  regulation  of  flood  sup- 
plies of  rivers  and  for  their  emplovment  in  basin  or  inundation  irriga- 
tion. As  designed  for  Assuan,  its  use  is  restricted  to  sites  where 
broad  platforms  of  sound  rock  can  be  counted  upon,  but  designed  in 
*beton  armde'  or  'ribbed  ^concrete.'  I  hope  to  see  it  utilized  in 
narrow  gorges  and  throttled  valleys,  where  £20  will  go  as  far  as  £50 
in  a  hrom  platform." 

Unfortunately,  in  America  the  characteristics  of  our  rivers,  their 
floods  and  the  amount  of  sediment  carried,  are  not  as  well  known  as 
they  should  be;  but  each  j-ear  adds  volumes  to  our  knowledge  of  these 
streams,  and  by  the  time  any  extensive  system  is  to  be  put  in  operation 
our  knowledge  will  be  much  more  complete. 
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Bv  William  H.  Burr. 


The  Panama  route  as  a  line  of  transit  iicross  the  Isthmus  was  estab- 
lished, as  near  as  can  be  determined,  ])etween  1517  and  1520.  The 
first  settlement,  at  the  site  of  the  town  of  old  Panama,  6  or  7  miles 
easterly  of  the  present  cit\'  of  that  name,  was  })egun  in  August,  1517. 
This  was  the  Pacific  end  of  the  line.  The  Atlantic  end  was  tinall}' 
established  in  151J>  at  Nombre  de  Dios,  the  more  eiLsterly  port  of  Ada, 
where  Bal}K)a  was  tried  and  executed,  havinjy  tirst  }>een  selected,  but 
subsequently  reje<'t^d. 

The  old  town  of  Panama  was  made  a  city  by  royal  decree  from  the 
throne  of  Spain  in  September,  15:^1.     At  the  same  time  it  was  given  a 
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Profile  of  Panamii  route. 

coat  of  anns,  and  special  privileges  were  conferred  upon  it.  The 
course  of  travel  then  estjiblished  ran  by  a  road,  well  known  at  the 
present  time,  through  a  small  place  called  Cruces  on  the  river  Chagres, 
about  17  miles  distant  from  Panama.  It  must  have  ]>een  an  excellent 
road  for  those  days.  Bridges  were  even  laid  across  streams,  and  the 
surface  was  paved,  although  probabl}'  rather  crudely.  According  to 
some  accounts  it  was  only  wide  enough  for  use  b}'  })easts  of  liurden, 
hut  some  have  stated  that  it  was  wide  enough  to  enable  two  carts  to 
pass  each  other. 

The  harbor  of  the  Atlantic  terminus  at  Nombre  de  Dios  did  not 
prove  entirely  satisfactory,  and  Porto  Bello,  westerly  of  the  former 

"Reprinted,  by  [)ermi»*ion,  from  "Ancient  and  Modem  Kngineerinj?  an<l  The 
Lsthmian  Canal,"  l)y  William  H.  Bnrr,  prof(»si»<ir  of  civil  enjrineerinp  in  Columbia 
University,  New  York.  Publisbeil  by  John  Wiley  &  »SonH,  New  York,  I90,*{.  Copy- 
right, 1903,  bv  William  H.  Burr. 

537 


588        THE  PAKAMA  ROUTE  FOR  A  SHIP  CANAL. 

point,  was  made  the  Atlantic  port  in  1597  for  this  isthmian  line  of 
transit.  The  harbor  of  Porto  Bello  is  excellent,  and  the  location  was 
more  healthful,  although  Porto  Bello  itself  was  subsequently  aban- 
doned, largely  on  account  of  its  unhealthf  ulness. 

As  early  as  1534,  or  soon  after  that  date,  boats  began  to  pass  up 
and  down  the  Chagres  River  between  Cruces  and  its  mouth  on  the 
Caribbean  shore,  and  thence  along  the  coast  to  Nombre  de  Dios  and 
subsequently  to  Porto  Bello.  The  importance  of  the  commerce  which 
sprang  up  across  the  isthmus  and  in  connection  with  this  isthmian 
route  is  well  set  forth  in  the  last  paragraph  on  page  28  of  the  Report 
of  the  Isthmian  Canal  Commission: 

The  commerce  of  the  isthmus  increased  during  the  century  and 
Panama  became  a  place  of  great  mercantile  importence,  with  a  profit- 
able ti'ade  extending  to  the  Spice  Islands  and  the  Asiatic  coast.  It  was 
at  the  height  of  its  prosperity  in  1585,  and  was  called  with  good  reason 
the  toUgate  between  western  Europe  and  eastern  Asia.  Meanwhile 
the  commerce  whose,  tolls  only  brought  such  benefits  to  Panama, 
enriched  Spain,  and  her  people  were  generously  rewarded  for  the  aid 
given  by  Ferdinand  and  Isabella  in  the  eflPort  to  open  a  direct  route 
westward  to  Cathay,  notwithstanding  the  disadvantages  of  the  isthmian 
transit. 

This  commercial  prosperity  suggested  to  those  interested  in  it,  and 
soon  after  its  beginning,  the  possibility  of  a  ship  canal  to  connect  the 
waters  of  the  two  oceans.  It  is  stated  even  that  Charles  V  directed 
that  a  survey  should  be  made  for  the  purpose  of  detennining  the  feasi- 
bility of  such  a  work  as  early  as  1520.  "  The  governor,  Pascual  Anda- 
goya,  reported  that  such  a  work  was  impracticable  and  that  no  king, 
however  powerful  he  might  be,  was  capable  of  forming  a  junction  of 
the  two  seas  or  of  furnishing  the  means  of  carrying  out  such  an 
undertaking." 

From  that  time  on  the  city  of  Panama  increased  in  wealth  and  popu- 
lation in  consequence  of  its  commercial  importance.  Trade  was  estab- 
lished with  the  west  coast  of  South  America  and  with  the  ports  on  the 
Pacific  coast  of  Central  America.  In  spite  of  the  fact  that  it  was  made 
l)y  the  Spaniards  a  fortress  second  in  strength  in  America  only  to  old 
Cartagena,  it  was  sacked  and  burned  by  Morgan's  buccaneers  in  Feb- 
ruary, 1671.  The  new  city,  that  is,  the  present  city,  was  founded  in 
1673,  it  not  being  considered  advisable  to  rebuild  on  the  old  site. 

The  project  of  a  canal  on  this  route  was  kept  alive  for  more  than 
three  centuries  by  agitation  sometimes  active  and  sometimes  appar- 
ently dying  out  for  long  periods,  until  there  was  organized  in  Paris, 
in  1876,  a  company  entitled  ^'Soci^t^  Civile  Internationale  du  Canal 
Interoc^anique,"  with  Gen.  Etienne  Tilrr  as  president,  for  the  purpose 
of  making  surveys  and  explorations  for  a  ship  canal  between  the  two 
oceans  on  this  route. 

The  work  on  the  isthmus  for  this  c^mpan}'  was  prosecuted  under 
he  direction  of  Lieut.  L.  N.  B.  Wyse,  a  French  naval  officer,  and  he 
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obtained  for  his  company  in  1878  a  concession  from  the  Colombian 
Government,  conferring  the  requisite  rights  and  privileges  for  the 
construction  of  a  ship  canal  on  the  Panama  route  and  the  authority  to 
do  such  other  things  as  might  be  necessar}'  or  advisable  in  connection 
with  tliat  project.  This  concession  is  ordinarily  known  as  the  Wyse 
concession. 

A  genei'al  plan  for  this  trans- Isthmian  (*anal  was  the  subject  of  con- 
sideration at  an  international  scientific  congress  convened  in  Paris  in 
Ma}',  1870,  and  composed  of  135  delegates  from  France,  Germanj^ 
Great  Britain,  the  United  States,  and  other  countries,  but  the  major- 
ity of  whom  were  French.  This  congress  was  convened  under  the 
auspices  of  Ferdinand  de  Lesseps,  and  after  remaining  in  session  for 
two  weeks  a  decision,  not  unanimous,  was  reached  that  an  interna- 
tional canal  ought  to  be  located  on  the  Panama  route,  and  that  it 
should  be  a  sea-level  canal  without  locks.  The  fact  was  apparently 
overlooked  that  the  range  between  high  and  low  tides  in  the  Ba}'  of 
Panama,  about  20  feet,  was  so  great  as  to  require  a  tidal  lock  at  that 
terminus. 

A  company  entitled  ''Compagnie  Univereelle  du  Canal  Interocea- 
nique"  was  organized,  with  Ferdinand  de  Lesseps  as  president,  imme- 
diately after  the  adjournment  of  the  international  congress.  The 
purpose  of  this  companv  was  the  construction  and  operation  of  the 
canal,  and  it  purchased  the  W3'se  concession  from  the  original  com- 
pan}'  for  the  sum  of  10,000,000  f mncs.  An  immediate  but  unsuccess- 
ful attempt  was  made  to  finance  the  company  in  August,  1879.  This 
necessitated  a  second  attempt,  which  was  made  in  Decemlxjr,  1880, 
with  success,  as  the  entire  issue  of  600,000  shares  of  500  francs  each 
was  sold.  Two  years  were  then  devoted  to  examinations  and  surveys 
and  preliminary  work  upon  the  canal,  but  it  was  1883  before  opera- 
tions upon  a  large  scale  were  begun.  The  plan  adopted  and  followed 
by  this  compan}'  was  that  of  a  sea-level  canal,  aflTording  a  depth  of 
29.5  feet  and  a  bottom  width  of  72  feet.  It  was  estimated  that  the 
necessarv  excavation  would  amount  to  157,000,000  cubic  vards. 

The  Atlantic  tenninus  of  this  canal  route  was  located  at  Colon,  and 
at  Panama  on  the  Pacific  side.  The  line  passed  through  the  low 
grounds  just  north  of  Monkey  Hill  to  Gatun,  0  miles  from  the  Atlan- 
tic terminus,  and  where  it  first  met  the  Chagres  River.  For  a  dis- 
tance of  2^1  miles  it  followed  the  general  course  of  the  Chagres  to 
Obispo,  but  left  it  at  the  latter  point  and  passing  up  the  valley  of  a 
small  tributary  cut  through  the  continentiil  divide  at  Culebra,  and 
descended  thence  by  the  valle}'  of  the  Rio  Grande  to  the  mouth  of 
that  river  where  it  enters  Panama  Bay.  The  total  length  of  this  line 
from  30  feet  depth  in  the  Atlantic  to  the  same  depth  in  the  Piicific 
was  about  47  miles.  The  maximum  height  of  the  continentiil  divide 
on  the  center  line  of  the  canal  in  the  Culebra  cut  was  about  333  feet 
above  the  sea,  which  is  a  little  higher  than  the  lowest  point  of  the 
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divide  in  that  vicinit3\  Important  considerations  in  connection  with 
the  adjacent  alignment  made  it  advisable  to  cut  the  divide  at  a  point 
not  its  lowest. 

Various  schemes  were  proposed  for  the  purpose  of  controlling  the 
floods  of  the  Chagres  River,  the  suddenness  and  magnitude  of  which 
were  at  once  recognized  as  among  the  greatest  diffieiilties  to  be 
encountered  in  the  construction  of  the  work.  Although  it  was  seri- 
ously proposed  at  one  time  to  control  this  difficult}^  by  bisJdingadani 
across  the  Chagres  at  Gamboa,  that  plan  was  never  adopted,  and  the 
problem  of  control  of  the  Chagres  floods  remained  unsolved  for  a  long 
period. 

It  was  estimated  by  De  Lesseps  in  1880  that  eight  years  would  l>e 
required  for  the  completion  of  the  canal,  and  that  its  cost  would  l)e 
$127,000,000.  The  company  prosecuted  its  work  with  activity  until 
the  latter  part  of  1887,  when  it  became  evident  that  the  sea-lovel  plan 
of  canal  was  not  feasible  with  the  resources  at  its  command.  Changes 
were  soon  made  in  the  plans,  and  it  was  concluded  to  expedite  the 
completion  of  the  canal  by  the  introduction  of  locks,  deferring  the 
change  to  a  sea-level  canal  until  some  period  when  conditions  would 
be  sufliciently  favorable  to  enable  the  company  to  attain  that  end. 
Work  was  prosecuted  under  this  modified  plan  until  1889,  when  the 
company  became  bankrupt  and  was  dissolv^ed  by  judgment  of  the 
French  court  called  the  Tribunal  Civil  de  la  Seine,  on  February  4, 1881^ 
An  oflScer,  called  the  liquidator,  corresponding  quite  closely  to  a 
receiver  in  this  country,  was  appointed  by  the  court  to  take  charge  of 
the  company's  aflfairs.  At  no  time  was  the  project  of  completing  the 
canal  a])andoned,  but  the  liquidator  gradually  curtailed  operations  and 
finally  suspended  the  work  on  May  15,  1889. 

lie  determined  to  take  into  careful  consideration  the  feasibilitv  of 
the  project,  and  to  that  end  appointed  a  '' commission  d'^tudes,''  com- 
posed of  eleven  French  and  foreign  engineers,  headed  by  Inspector- 
General  Guillemain,  director  of  the  Ecole  Nationale  des  Fonts  et 
Chaussees.  This  commission  visited  the  Isthmus  and  made  a  careful 
study  of  the  entire  enterprise,  and  subsequently  submitted  a  plan  for 
the  canal  involving  locks.  The  cost  of  completing  the  entire  work 
was  estimated  to  be  $112,500,000,  but  the  sum  of  $62,100,000  more 
was  added  to  cover  administration  and  financing,  making  a  total  of 
$17-1,600,000.  This  commission  also  gave  an  approximate  estimate  of 
the  value  of  the  work  done  and  of  the  plant  at  $87,300,000,  to  which 
some  have  attached  much  more  importance  than  did  the  commission 
itself.  The  latter  appears  simply  to  have  made  the  "'estimate''  one- 
half  of  the  total  cost  of  completing  the  work  added  to  that  of  financing 
and  administration,  as  a  loose  approximation,  calling  it  an  ''intuitive 
estimate;"  in  other  words,  it  was  simply  a  guess  based  upon  such 
'nformation  as  had  been  gained  in  connection  with  the  work  done  on 
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By  this  time  the  period  .specified  for  eonipletion  under  the  orl^nal 
Wyi>e  concession  had  nearly  expired.  The  liquidator  then  ijiought 
from  the  Colombian  Government  an  extension  of  ten  years,  which  was 
granted  under  the  Colombian  law  dated  December  21),  ISDO.  This 
extension  was  based  upon  the  provision  that  a  new  company  should 
be  formed  and  work  on  the  canal  resumed  not  later  than  February-  28, 
1893.  The  latter  condition  was  not  fulfilled,  and  a  second  extension 
was  obtained  on  April  4,  1893,  which  provided  that  the  ten-year  exten- 
sion of  time  gi-anted  in  1890  might  begin  to  run  at  any  time  prior  to 
October  31,  1894,  but  not  later  than  that  date.  When  it  became 
apparent  that  the  provisions  of  this  last  ext<insion  would  not  te  car- 
ried out  an  agreement  between  the  Colombian  Government  and  the 
New  Panama  Company'  wa.s  entered  into  on  April  2(5,  1900,  which 
extended  the  time  of  completion  to  October  31, 1910.  The  validit}'  of 
this  last  extension  of  time  has  been  questioned. 

A  new  company,  commonly  known  as  the  New  Panama  Canal  Com- 
pany, was  organized  on  the  20th  of  October,  1894,  with  a  capital  stock 
of  650,000  shares  of  100  fi-ancs  each.  Under  the  provisions  of  the 
agreement  of  December  26,  1890,  authorizing  an  extension  of  time  for 
the  construction  of  the  canal,  50,000  shares  passed  as  full-paid  stock  to 
the  Colombian  Government,  leaving  the  actual  working  capital  of  the 
New  Panama  Company'  at  60,000,000  francs,  that  amount  having  been 
subscribed  in  cash.  The  most  of  this  capital  stock  was  subscribed  for  by 
certain  loan  associations,  administrators,  contractors,  and  others  against 
whom  suits  had  been  brought  in  consequence  of  the  financial  difficul- 
ties of  the  old  compan}^,  it  having  been  charged  in  the  scandals  attend- 
ing bankruptcy  proceedings  that  they  had  profited  illegally.  Those 
suits  were  discontinued  under  agreements  to  subscribe  by  the  parties 
interested  to  the  capital  stock  of  the  new  company.  The  sums  thus 
obtained  constituted  more  than  two-thirds  of  the  60,000,000  francs 
remaining  of  the  share  capital  of  the  new  company  after  the  Colombian 
Government  received  its  50,000  shares.  The  old  company  had  raised 
by  the  sale  of  stock  and  bond  not  far  from  ^246,000,000,  and  the  num- 
ber of  persons  holding  the  securities  thus  sold  has  been  estimated  at 
over  200,000. 

The  Panama  Kailroad  Company  holds  a  concession  from  the  Colom- 
bian Government  giving  it  rights  prior  to  those  of  the  Wyse  concession, 
so  that  the  latter  could  not  become  effective  without  the  concurrence 
of  the  Panama  Railroad  Compan3\  This  is  shown  b}'  the  language  of 
Article  III  of  the  Wyse  concession,  which  reads  as  follows: 

''If  the  line  of  the  canal  to  be  constructed  from  sea  to  sea  should 
pass  to  the  west  and  to  the  north  of  the  imaginary  straight  line  which 
joins  Cape  Tiburon  with  Garachine  Point,  the  grantees  must  enter 
into  some  amicable  arrangement  with  the  Panama  Railroad  Company 
or  pay  an  indemnity,  which  shall  be  established  in  accordance  with  the 
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provisions  of  law  46,  of  August  10,  1867,  'approving  the  contract 
celebration  on  July  5,  1867,  reformatory  of  the  contract  of  April  15, 
1850,  for  the  construction  of  an  iron  railroad  from  one  ocean  to  the 
other  through  the  Isthmus  of  Panama.'  '^  It  became  necessary',  there- 
fore, in  order  to  control  this  feature  of  the  situation,  for  the  old 
Panama  Conipan}'^  to  secure  at  least  a  majority  of  the  stock  of  the 
Panama  Kail  road  Company.  As  a  matter  of  fact  the  old  Panama 
Canal  Company  purchased  nearly  69,000  out  of  the  70,000  shares  of 
the  Panama  Railroad  Company,  each  such  share  having  a  par  value  of 
$100.  These  shares  of  Panama  Railroad  stock  are  now  held  in  trust 
for  the  benefit  of  the  New  Panama  Canal  Company.  A  part  of  the 
expenditures  of  the  old  company  therefore  covered  the  cost  of  tb** 
Panama  Railroad  Companj^'s  shares  now  held  in  trust  for  the  benefit 
of  the  new  company. 

Immediately  after  its  organization  the  New  Panama  Canal  Company 
resumed  the  work  of  excavation  in  the  Emperador  and  Culebra  cut** 
with  a  force  of  men  which  has  been  reported  as  varying  between  l^iKH) 
and  3,600.  It  also  gave  thorough  consideration  to  the  subject  of  the 
best  plan  for  the  completion  of  the  canal.  The  company's  charter 
provided  for  the  appointment  of  a  special  engineering  commission  of 
five  members' by  the  company  and  the  liquidator  to  report  upon  the  work 
done  and  the  conclusions  to  be  drawn  from  its  stud3\  This  report 
was  to  be  rendered  when  the  amount  expended  by  the  new  company 
should  reach  about  one-half  of  its  capital.  At  the  same  time  the  com- 
pan^'^  also  appointed  a  "Comit^  Technique,"  constituted  of  14  eminent 
European  and  American  engineers,  to  make  a  study  of  the  entire  pro- 
ject, which  was  to  avail  itself  of  existing  data  and  the  results  of  such 
other  additional  surveys  and  examinations  as  it  might  consider  neces- 
sary. The  report  rendered  by  this  committee  was  elaborate,  and  it 
was  made  November  16,  1898.  It  was  referred  to  the  statutorv  com- 
mission  of  five,  to  which  reference  has  already  been  made,  which  com- 
mission reported  in  1899  that  the  canal  could  be  constructed  within 
the  limits  of  time  and  money  estimated.  On  December  30,  1899,  a 
special  meeting  of  the  stockholders  of  the  new  company  was  called, 
but  the  liquidator,  who  was  one  of  the  largest  stockholders,  declined 
to  take  part  in  it,  and  the  report  consequently  has  not  received  the 
required  statutory  consideration. 

The  plan  adopted  by  the  company  placed  the  minimum  elevation  of 
the  summit  level  of  the  canal  at  97i  feet  above  the  sea,  and  a  maximum 
at  102i  feet  above  the  same  datum.  It  provided  for  a  depth  of  29^ 
feet  of  water  and  a  bottom  width  of  canal  prism  of  about  98  feet, 
except  at  special  places  where  this  width  was  increased.  A  dam  was 
to  be  built  near  Bohio,  which  would  thus  form  an  artificial  lake,  with 
its  surface  varying  from  62.5  to  65.6  feet  above  the  sea.  Under  this 
olan  there  would  be  a  flight  of  two  locks  at  Bohio,  about  16  miles 
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from  tbe  Atlantic  end  of  the  canal,  and  another  flight  of  two  lockH  at 
Obispo,  al^out  14  miles  from  Bohio,  thus  reaching  the  summit  level;  a 
single  lock  hi  Paraiso,  between  6  and  7  miles  from  Obispo;  a  flight  of 
two  locks  at  Pedro  Miguel,  about  1.25  miles  from  Pamiso,  and  finally 
a  single  lock  at  Miraflores,  a  mile  and  a  quarter  from  Pedro  Miguel, 
bringing  the  canal  down  to  the  ocean  elevation.  The  location  of  this 
line  was  pi*actically  the  same  as  that  of  the  old  company.  The  avail- 
able length  of  each  lock  chamber  was  738  feet,  while  the  available 
width  was  82  feet,  the  depth  in  the  clear  being  32  feet  10  inches.  The 
lifts  were  to  vary  from  26  to  33  feet.  It  was  estimated  that  the  cost 
of  finishing  the  canal  on  this  plan  would  be  $101,850,000,  exclusive  of 
administration  and  financing. 

In  order  to  control  the  floods  of  the  Chagres  River,  and  to  furnish 
a  supply  of  water  for  the  summit  level  of  the  canal,  a  dam  was  planned 
to  be  built  at  a  iK)int  called  Alhajuela,  about  12  miles  from  Obispo, 
from  which  a  feeder  about  10  miles  long,  partly  an  open  canal  and 
partly  in  tunnels  or  pipe,  would  conduct  the  water  from  the  reservoir 
thus  formed  to  the  summit  level. 

Although  the  plan  as  described  was  adopted,  the  "Comity  Tech- 
nique" apparently  favored  a  modification  by  which  a  much  deeper 
excavation  through  Culebra  Hill  would  be  made,  thus  omitting  the 
locks  at  both  Obispo  and  Paraiso  and  making  the  level  of  the  artificial 
Lake  Bohio  the  summit  level  of  the  canal.  In  this  modified  plan  the 
bottom  of  the  summit  level  would  be  about  32  feet  above  the  sea,  and 
the  minimum  elevation  of  the  summit  level  61.5  feet  above  the  sea. 
This  modification  of  plan  had  the  material  advantage  of  eliminating 
both  the  Obispo  and  Paraiso  locks.  The  total  estimated  cost  of  com- 
pleting the  canal  under  this  plan  was  about  $105,500,000.  Although 
the  Alhajuela  feeder  would  be  omitted,  the  Alhajuela  reservoir  would 
be  retained  as  an  agent  for  controlling  the  Chagres  floods  and  to  form 
a  reserve  water  supply.  The  diflTerence  in  cost  of  these  two  plans  was 
comparatively  small,  but  the  additional  time  required  to  complete 
that  with  the  lower  summit  level  was  probably  one  of  the  main 
considerations  in  its  rejection  by  the  committee  having  it  under 
consideration. 

This  brings  the  project  up  to  the  time  when  the  Isthmian  Canal 
Commission  was  created  in  1899  and  when  the  forces  of  the  New 
Panama  Canal  Company  were  employed  either  in  taking  care  of  the 
enormous  amount  of  plant  bequeathed  to  it  by  the  old  company  or  in 
the  great  excavation  at  Emperador  and  Culebra.  The  total  excavation 
of  all  classes,  made  up  to  the  time  when  that  Commission  rendered  its 
report,  amounted  to  about  77,000,000  cubic  yards. 

The  work  of  the  Commission  consisted  of  a  comprehensive  and 
detailed  examination  of  the  entire  project  and  all  its  accessories,  as 
contemplated  by  tbe  New  Panama  Canal  Company,  and  any  modifica- 
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tions  ot  its  plans,  either  as  to  alignment,  elevations,  or  suDsidiary 
works,  which  it  might  determine  advisable  to  recommend.  In  the 
execution  of  this  work  it  was  necessary,  among  other  things,  to  send 
engineering  parties  on  the  line  of  the  Panama  route  for  the  purpose 
of  making  surveys  and  examinations  necessary  to  confirm  estimates  of 
the  New  Panama  Canal  Company  as  to  quantities,  elevations,  or  other 
physical  features  of  the  line  selected,  or  required  in  modifications  of 
alignment  or  plans.  In  order  to  accomplish  this  portion  of  its  work 
the  Commission  placed  five  working  parties  on  the  Panama  route  with 
20  engineers  and  other  assistants  and  41  laborers. 

The  Commission  adopted  for  the  purposes  of  its  plans  and  estimates 
the  route  selected  by  the  New  Panama  Canal  Company,  which  is  essen- 
tially that  of  the  old  company.  Starting  from  the  6-fathom  contour 
in  the  harbor  of  Colon  the  line  follows  the  low  marshy  ground  adjoin- 
ing the  Bay  of  Limon  to  its  intersection  with  the  Mindi  River;  thence 
through  the  low  ground  continuing  to  Gatun,  about  6  miles  from 
Colon,  where  it  first  meets  the  Chagres  River.  From  this  point  to 
Obispo  the  canal  line  follows  practically  the  general  course  of  the 
Chagres  River,  although  at  one  point  in  the  marshes  below  Bohio  it  is 
nearly  2  miles  from  the  farthest  bend  in  the  river,  at  a  small  place 
called  Ahorca  Lagarto.  Bohio  is  about  17  miles  from  the  Atlantic 
terminus,  and  Obispo  about  30  miles.  At  the  latter  point  the  course 
of  the  Chagres  River,  passing  upstream,  lies  to  the  northeast,  while 
the  general  direction  of  the  canal  line  is  southeast  toward  Panama,  the 
latter  leaving  the  former  at  this  location.  The  canal  route  follows  up 
the  general  course  of  a  small  stream,  called  the  Camacho,  for  a  distance 
of  nearl}'^  5  miles,  where  the  continental  divide  is  found  and  in  which 
the  great  Culebra  cut  is  located,  about  36  miles  from  Colon  and  13 
miles  from  the  Panama  terminus.  After  passing  through  the  Culebra 
cut  the  canal  route  follows  the  course  of  the  Rio  Grande  River  to  its 
mouth  at  Panama  Bay.  The  mouth  of  the  Rio  Grande,  where  the 
canal  line  is  located,  is  .about  a  mile  and  a  half  westerly  of  the  city  of 
Panama.  The  Rio  Grande  is  a  small,  sluggish  stream  throughout  the 
last  6  miles  of  its  course,  and  for  that  distance  the  canal  excavation 
would  l)e  made  mostlv  in  soft  silt  or  mud. 

Although  the  line  selected  by  the  French  company  is  that  adopted 
by  the  Isthmian  Canal  Company  for  its  purposes,  a  number  of  most 
important  features  of  the  general  plan  have  been  materiall}'  modified 
bv  the  Commission,  as  will  be  easilv  understood  from  what  has  alreadv 
been  stated  in  connection  with  the  French  plans. 

The  feasibility  of  a  sea-level  canal,  but  with  a  tidal  lock  at  the 
Panama  end,  Avas  carefully  considered  by  the  Commission,  and  an 
approximate  estimate  of  the  cost  of  completing  the  work  on  that 
plan  was  made.  In  round  numbers  this  estimated  cost  was  about 
$250,000,000,  and   the   time   required   to  complete  the  work  would 
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probably  be  nearly  or  quite  twice  that  needed  for  the  construction  of 
a  canal  with  locks.  The  Commission  therefore  adopted  a  project  for 
the  canal  with  locks.  Both  plans  and  estimates  were  carefully  devel- 
oped in  accordance  therewith. 

The  harbor  of  Colon  has  been  fairly  satisfactory  for  the  commerce 
of  that  port,  but  it  is  open  to  the  north,  .and  there  are  probably  two 
or  three  da3^s  in  every  year  during  which  northers  blow  into  the  har- 
bor with  such  intensity  that  ships  anchored  there  must  put  to  sea  in 
order  to  escape  damage.  The  western  limit  of  this  harbor  is  an  arti- 
ficial point  of  land  formed  by  material  deposited  by  the  old  Panama 
Canal  Company;  it  is  called  Christoph  Colon,  and  near  its  extreme 
end  are  two  large  frame  residences  built  for  De  Lesseps.  The  entrance 
to  the  canal  is  immediately  south  of  this  artificial  point.  The  Com- 
mission projected  a  canal  entrance  from  the  6-fathom  contour  in  the 
Bay  of  Limon,  in  which  the  harbor  of  Colon  is  found,  swinging  on  a 
gentle  curve,  6,500  feet  radius,  to  the  left  around  behind  the  artificial 
point  just  mentioned  and  then  across  the  shore  line  to  the  right  into 
the  lowland  southerly  of  Colon.  This  channel  has  a  width  of  500  feet 
at  the  bottom,  with  side  slopes  of  1  on  3,  except  on  the  second,  curve, 
which  is  somewhat  sharper  than  the  first,  where  the  bottom  width  is 
made  800  feet  for  a  length  of  800  feet  for  the  purpose  of  a  turning- 
basin.  This  brings  the  line  into  the  canal  proper,  forming  a  well- 
protected  har])or  for  nearly  a  mile  inside  of  tlie  shore  line.  The 
distance  from  the  6-fathom  line  to  this  interior  harbor  is  about  2  miles. 
The  total  cost  of  constructing  the  channel  into  the  harbor  and  the 
harbor  itself  is  ^8,057,707,  and  the  annual  cost  of  maintenance  is 
placed  at  $30,000.  The  harbor  would  l)e  perfectly  protected  from  the 
northers  which  occasionally  blow  with  such  intensity  in  the  Bay  of 
Limon,  and  it  could  readily  be  made  in  all  weathers  by  vessels  seek- 
ing it. 

The  harbor  at  the  Pacific  end  of  the  channel  where  it  joins  Panama 
Bay  is  of  an  entirely  different  character  in  some  respects.  The  Bay 
of  Panama  is  a  place  of  light  winds.  Indeed  it  has  been  assarted  that 
the  difficulties  sometimes  experienced  by  sailing  vessels  in  finding 
wind  enough  to  take  them  out  of  Panama  Bay  are  so  serious  as  to 
constitute  a  material  objection  to  the  location  for  a  ship  canal  on  the 
Panama  route.  This  difficulty  undoubtedly  exists  at  times,  but  the 
simple  fact  is  to  be  remembered  that  Panama  was  a  port  for  sailing- 
ships  for  more  than  two  hundred  years  before  a  steamship  was  known. 
The  harbor  of  Panama,  as  it  now  exists,  is  a  large  area  of  water  at 
the  extreme  northern  limit  of  the  bay,  immediately  adjacent  to  the 
city  of  Panama,  protected  from  the  south  by  the  three  islands  of 
Perico,  Naos,  and  Culebra.  It  has  been  called  a  roadstead.  There  is 
good  anchorage  for  heavy-draft  ships,  but  for  the  most  part  the  water 

8M  1902 35 


54fi  THK   I'ANAMA    ROUTE   F(IR    A    WHIV   CANAL. 

is  shallow.  With  the  CoiiiiiiiiwioiiV  r&iuirenient  of  a  miiiiiiiuni  u<>pth 
of  water  of  35  feet,a  channol  about  4  miles  long  fmin  the  mouth  of 
the  Rio  Grande  to  the  6-fathoni  line  in  Panama  Bay  must  be  exca- 
vated. This  (^thaniiei  wtmld  have  a  ijottom  width  of  :iOO  feet  with  side 
slopes  of  1  on  3  where  the  material  is  soft.  Considerable  rock  would 
have  to  be  excavated  in  this  channel.  At4,41  miles  from  the  6-fathoui 
line  is  located  a  wharf  at  the  point  called  La  lloca.  A  branch  of  the 
Panama  Railroad  Company  runs  to  this  wharf,  and  at  the  present  time 
deep-draft  ships  lie  up  alongside  of  it  to  take  on  and  discharge  cargo. 
The  wharf  is  a  steel  frame  .structure,  founded  upon  steel  cylinders. 


Ttie  Bohio  dam 


carried  down  to  Iwd  rock  by  the  pnt^umatic  process.  Its  cost  was 
about  $1,334,0011.  The  total  cast  of  the  excavated  channel  leading 
from  Panama  Harbor  to  the  pier  at  La  Boca  is  estimated  by  the  Com- 
mission at  $1,464,513.  As  the  harbor  at  Panama  is  considered  an 
open  roadstead,  it  requires  no  estimate  for  annual  cost  of  maintenance. 
Starting  from  the  harbor  of  Colon,  the  prism  of  the  canal  is  exca- 
vated through  the  low  and  for  the  most  part  marshy  ground  to  the 
little  village  called  Bohio.  The  prism  would  cut  the  Cbagres  River 
at  a  number  of  points,  and  would  require  a  diversion  channel  for  that 
river  for  a  distance  of  about  S  miles  on  the  westerly  side  of  the  canal. 
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Levees,  or  protective  einbanknients,  would  also  >>c  required  on  the 
same  side  of  the  canal  between  Bohio  and  Gatun,  the  Chagres  River 
leaving  the  canal  line  at  the  latter  point  on  its  way  to  the  sea. 

The  principal  engineering  feature  of  the  entire  route  is  found  at 
Bohio;  it  is  the  great  dam  across  the  Chagres  River  at  that  Point, 
forming  Lake  Bohio,  the  summit  level  of  the  canal.  The  new  Panama 
Canal  Company  located  this  dam  at  a  point  about  17  miles  from  Colon, 
and  designed  to  make  it  an  earth  structure  suitably  paved  on  its  faces, 
but  without  any  other  masonr}^  feature.  Some  borings  had  been  made 
along  the  site,  and  test  pits  were  also  dug  by  the  French  engineers. 
It  was  the  conviction  of  the  Isthmian  Canal  Commission,  however, 
that  the  character  of  the  proposed  dam  might  be  affected  by  a  further 
examination  of  the  subsurface  material  at  the  site.  Consequently  the 
boring  parties  of  the  Commission  sunk  a  large  number  of  bore  holes 
at  six  diflPerent  sections  or  possible  sites  along  the  river  in  the  vicinity 
of  the  French  location.  Thcvso  borings  revealed  great  irregularit}"  in 
the  chamcter  and  disposition  of  the  material  below  the  bed  and  ])anks 
of  the  river.  In  some  places  the  upper  stmtum  of  material  was 
almost  clear  clay,  and  in  other  places  clear  sand,  while  all  degrees  of 
admixture  of  clay  and  sand  were  also  found.  At  the  French  site  the 
bed  rock  at  the  deepest  point  is  143  feet  below  sea  level,  with  large 
masses  of  pervious  and  semipervious  sand,  gravel,  and  mixtures  of 
those  materials  with  clay.  Apparently  there  is  a  geological  valley  in 
the  rock  along  the  general  course  of  the  Chagres  River  in  this  vicinity 
filled  with  sand,  gravel,  and  clay,  irregularly  distributed  and  with  all 
degrees  of  admixture,  large  masses  in  all  cases  being  of  open  texture 
and  pervious  to  water.  The  site  adopted  by  the  Commission  for  the 
purposes  of  its  plans  and  estimates  is  located  nearly  half  a  mile  down 
the  course  of  the  river  from  that  selected  by  the  New  Panama  Canal 
Company.  The  geological  valley  is  nearly  2,000  feet  wide  at  this  loca- 
tion, but  the  deepest  rock  disclosed  by  the  borings  of  the  Commission 
is  but  128  feet  below  sea  level.  The  actual  channel  of  the  river  is  not 
more  than  150  feet  wide  and  lies  on  the  extreme  easterly  side  of  the 
valley.  The  easterly  or  right  bank  of  the  river  at  this  place  is  clean 
rock  and  rises  abruptly  to  ^  elevation  of  about  40  feet  above  the  river 
surface  at  ordinary  stages.  The  left  or  westerly  bank  of  the  river  is 
compacted  clay  and  sand,  and  rises  equally  as  abruptly  as  the  rocky 
bank  of  the  other  side,  and  to  about  the  same  elevation.  From  the 
top  of  the  abrupt  sandy  clay  bank  a  plateau  of  rather  remarkable  uni- 
formity of  elevation  extends  for  about  1,200  feet  in  a  southwesterh' 
direction  to  the  rocky  hill  in  which  the  Bohio  locks  would  !>e  located. 
The  rock  slope  on  the  easterly  or  northerly  bank  of  the  river  runs 
down  under  the  sandy  river  l)ed,  Init  at  sue*  ''  ' 

the  limits  of  the  channel  the  deepest  rock 
sea  level. 
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After  the  completion  of  all  its  examinations,  and  after  a  careful 
study  of  the  data  disclosed  by  them,  the  Commission  deemed  it  advis- 
able to  plan  such  a  dam  as  would  cut  off  absolutely  all  possible  sub- 
surface flow  or  seepage  through  the  sand  and  gravel  below  the  river 
surface.  It  is  to  be  observed  that  such  a  subsurface  flow  might  either 
disturb  the  stability  of  an  earth  dam  or  endanger  the  water  supply  of 
the   summit  level  of    the  canal,  or  both.     The  plan  of  dam  finally 
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Profi/e  of  Bohio  dam  site,  selected  for  plans  and  estimate,  with  section  of  dam. 

adopted  by  the  Commission  for  the  purposes  of  its  estimates  is  shown 
by  the  accompanying  plans  and  sections.  A  heavy  core  wall  of  con- 
crete masonry  extends  from  bed  rock  across  the  entire  geological 
valley  to  the  top  of  the  structure,  or  to  an  elevation  of  100  feet  above 
sea  level,  thus  absolutely  closing  the  entire  valley  against  any  possible 
flow.  The  thickness  of  this  wall  at  the  bottom  is  30  feet,  but  at  an 
elevation  of  30  feet  below  sea  level  its  sides  begin  to  batter  at  such  a 
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rate  as  to  make  the  thickness  of  the  wall  8  feet  at  its  top.  On  either 
side  of  this  wall  are  heavv  masses  of  earth  embankment  of  selected 
material  properly  deposited  in  layers  with  surface  slopes  of  1  on  3. 
As  shown  by  the  plans,  the  lower  portions  of  the  core  wall  of  this 
dam  would  be  sunk  to  bed  rock  by  the  pneumatic  process,  the  joints 
between  the  caissons  being  closed  and  sealed  by  cylinders  sunk  in 
recesses  or  wells,  also  as  shown  by  the  plans. 

The  profile  of  this  route  shows  that  the  summit  level  would  have  an 
ordinary  elevation  of  85  feet  above  the  sea,  but  it  may  be  drawn  down 
for  uses  of  the  canal  to  a  minimum  elevation  of  82  feet  above  the 
same  datum.  On  the  other  hand,  under  circumstances  to  be  discussed 
later,  it  may  rise  during  the  floods  of  the  Cbagres  to  an  elevation  of 
90  or  possibly  91  or  92  feet  above  the  level  of  the  sea.  The  top  of  the 
dam,  therefore,  would  be  from  8  to  10  feet  above  the  highest  possible 
water  surface  in  the  lake,  which  is  sufficient  to  guard  against  wash  or 
overtopping  of  the  dam  by  waves.  The  total  width  of  the  dam  at  its 
top  would  be  20  feet,  and  the  entire  inner  slope  would  be  paved  with 
heavy  riprap  suitably  placed  and  bedded. 

This  dam  would  create  an  artificial  lake  having  a  superficial  area 
during  high  water  of  about  40  square  miles.  The  water  would  be 
backed  up  to  a  point  called  Alhajuela,  about  25  miles  up  the  river 
from  Bohio.  For  a  distance  of  nearl}'  14  miles — i.  e.,  from  Bohio  to 
Obispo — the  route  of  the  canal  would  lie  in  this  lake.  Although  the 
water  would  be  from  80  to  90  feet  deep  at  the  dam  for  several  miles 
below  Obispo,  it  would  be  necessary  to  make  some  excavation  along 
the  general  course  of  the  Chagres  in  order  to  secure  the  minimum 
depth  of  35  feet  for  the  navigable  channel. 

The  feature  of  Lake  Bohio  of  the  greatest  importance  to  the  safe 
and  convenient  operation  of  the  canal  is  that  by  which  the  floods  of 
the  river  Chagres  are  controlled  or  regulated.  That  river  is  but  little 
less  than  150  miles  long,  and  its  drainage  area,  as  nearly  as  can  be 
estimated,  contains  about  875  square  miles.  Above  Bohio  its  current 
moves  some  sand  and  a  little  silt  in  times  of  flood,  but  usually  it  is  a 
clear-water  stream.  In  low  water  its  discharge  may  fall  to  350  cubic 
feet  per  second. 

As  is  well  known,  the  floods  of  the  Chagres  have  at  times  been 
regarded  as  almost,  if  not  quite,  insurmountable  obstacles  to  the  con- 
struction of  a  canal  on  this  line.  The  greatest  flood  of  which  there  is 
an}"  semblance  of  a  reliable  record  is  one  which  occurred  in  1S79.  No 
direct  measurements  were  made,  but  it  is  stated,  with  apparent 
authority,  that  the  flood  elevation  at  Bohio  was  39.3  feet  above  low 
water.  If  the  total  channel  through  which  the  flood  flowed  at  that 
time  had  been  as  large  as  at  present,  actual  gaugings  or  measurements 
of  subsequent  floods  show  that  the  maximum  discharge  in  1879  might 
have  been  at  the  rate  of  136,000  cubic  feet  per  second.     As  a  matter 
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of  fact,  the  total  channel  section  in  that  year  was  less  than  it  is  at  the 
present  time.  Hence,  if  it  be  assumed  that  a  flood  of  140,000  cubic 
feet  per  second  must  be  controlled,  an  error  on  the  safe  side  will  he 
committed.  Other  great  floods  of  which  there  are  reliable  records  are 
as  follows: 


Year. 

Height  at 

Bohio  above 

low  water. 

1885 

33.8 

1888 

34.7 

1890 

32.1 

1893 -- - - 

28.5 

The  maximum  measured  rate  of  the  1890  flood  was  74,998  cubic  feet 
per  second,  and  that  of  1893,  48,975  cubic  feet  per  second.  It  is  clear, 
therefore,  that  a  flood  flow  of  75,000  cubic  feet  per  second  is  very  rare, 
and  that  a  flood  of  140,000  cubic  feet  per  second  exceeds  that  of  which 
we  have  any  record  for  practically  forty  years. 

It  is  obvioustthat  the  dam,  as  designed  by  the  Commission,  is  of  such 
character  that  no  water  must  be  permitted  to  flow  over  its  crest  or  even 
in  immediate  proximity  to  the  downstream  embankment.  Indeed,  it 
is  not  intended  by  the  Commission  that  there  shall  be  any  wasteway  or 
discharge  anywhere  near  the  dam.  At  a  point  about  3  miles  southwest 
of  the  site  of  the  dam  at  Bohio  is  a  low  saddle  or  notch  in  the  hills, 
near  the  head  waters  of  a  small  stream  called  the  Gigante  River.  The 
elevation  of  this  saddle  or  notch  is  such  that  a  solid  masonry  weir,  with 
a  crest  2,000  feet  long,  may  readily  be  constructed  with  its  foundations 
on  bed  rock  without  deep  excavation.  This  structure  is  called  the 
Gigante  spillway,  and  all  surplus  flood  waters  from  the  Chagres  w^ould 
flow  over  it.  The  waters  discharged  would  flow  down  to  and  through 
some  large  marshes,  one  called  Peiia  Blanca  and  another  Agua  Clara, 
before  rejoining  the  Chagres.  Inasmuch  as  the  canal  line  runs  just 
easterly  of  those  marshes,  it  would  be  necessary  to  protect  it  with  the 
levees  or  embankments  to  which  allusion  has  already  been  made. 
These  embankments  are  neither  much  extended  nor  very  costly  for 
such  a  project.  The  protection  of  the  canal  would  be  further  aided 
by  a  short  artificial  channel  between  the  two  marshes,  Pena  Blanca  and 
Agua  Clara,  for  which  provision  is  made  in  the  estimates  of  the  Com- 
mission. After  the  surplus  waters  from  the  Gigante  spillway  pass 
these  marshes  they  again  enter  the  Chagres  River  or  flow  over  the 
low,  half -submerged  country  along  its  borders,  and  thence  through  its 
mouth  to  the  sea  near  the  town  of  Chagres,  about  6  miles  northwest 
of  Gatun. 

The  masonry  crest  of  the  Gigante  spillway  would  be  placed  at  an 
elevation  of  85  feet  above  the  sea,  identically  the  same  as  that  which 
ma}^  be  called  the  normal  summit  level  of  the  canal.     It  is  estimated 
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that  the  total  uses  of  water  in  the  eanal  added  to  the  loss  l)>'  evajwrn- 
tion,  taken  at  <>  inches  in  depth  per  month,  from  the  surface  of  the 
lake  will  amount  to  alK)ut  1,070  cubic  feet  per  second  if  the  tnifBc 
through  the  canal  should  amount  to  10,000,000  tons  per  annum  in 
ships  of  ordinary  size.  This  draft  per  second  is  the  sum  of  ^1:06  cubic 
feet  per  second  for  lockage,  207  for  evaporation,  250  for  leakage  at 
lock  gates,  and  200  for  power  and  other  purposes,  making  a  total  of 
1,063,  which  has  been  taken  as  1,070  cubic  feet  per  second.  The 
amount  of  stonige  in  Lake  Bohio  between  the  elevations  of  85  and  82 
feet  above  sea  level,  as  designed,  is  sufficient  to  supply  the  needs  of 
that  traffic  in  excess  of  the  smallest  recorded  low-water  flow  of  the 
Chagres  River  during  the  dry  season  of  a  low-rainfall  year.  The 
lowest  monthh'  average  flow  of  the  Chagres  on  record  at  Bohio  is 
600  cubic  feet  per  second  for  March,  1891,  and  for  the  purposes  of 
this  computation  that  mininmm  flow  has  been  supposed  to  continue 
for  three  months.  This  includes  a  sensible  margin  of  safety.  In  not 
even  the  driest  3^ear,  therefore,  can  it  bo  reasonably  expected  that  the 
summit  level  of  the  canal  would  fall  below  the  elevation  of  82  feet 
until  the  total  traffic  of  the  canal  carried  in  ships  of  the  present  ordi- 
nary size  shall  exceed  10,000,000  tons.  If  the  average  size  of  ships 
continues  to  increase,  as  will  probably  be  the  case,  less  water  in  pro- 
portion to  tonnage  will  be  required  for  the  purposes  of  lockage.  This 
follows  from  the  fact  that  with  a  given  tonnage  the  greater  the  capacity 
of  the  ships  the  less  the  number  required,  and  consequently  the  less 
will  be  the  number  of  lockages  made. 

On  the  other  hand  it  can  be  shown  that  with  a  depth  of  5  feet  of 
water  on  the  crest  of  the  Gigante  spillway  the  discharge  of  that  weir 
2,000  feet  long  will  be  at  the  rate  of  78,260  cubic  feet  per  second. 
If  the  flood  waters  of  the  Chagres  should  flow  into  Lake  Bohio  until  the 
head  of  water  on  the  crest  of  the  Gigante  weir  rises  to  7i  feet,  the  rate 
of  discharge  over  that  weir  would  be  140,000  cubic  feet  per  second, 
which,  as  already  shown,  exceeds  at  least  by  a  little  the  highest  flood 
rate  on  record.  The  operation  of  Lake  Bohio  as  a  flood  controller  or 
regulator  is  therefore  exceedingly  simple.  The  flood  waters  of  the 
Chagres  would  pour  into  the  lake  and  immediately  begin  to  flow  over 
the  Gigante  weir,  and  continue  to  do  so  at  an  increasing  rate  as  the 
flood  continues.  The  discharge  of  the  weir  is  augmented  by  the 
increasing  flood,  and  decreases  only  after  the  pa.ssage  of  the  crest  of 
the  flood  wave.  No  flood  even  as  great  as  the  greatest  supposable 
flood  on  record  can  increase  the  elevation  of  the  lake  more  than  92  to 
92i  feet  above  sea  level,  and  it  will  only  be  at  long  intervals  of  time 
when  floods  will  raise  that  elevation  more  than  about  90  feet  above 
sea  level.  The  control  is  automatic  and  unfailingly  certain.  It  pre- 
vents absolutely  any  damage  from  the  highest  supposable  floods  of 
the  Chagres,  and  reserves  in  Lake  Bohio  all  that  is  required  for  the 
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purposes  of  the  canal  and  for  wastage  by  evaporation  through  the 
lowest  rainfall  season.  The  floods  of  the  Chagres,  therefore,  instead 
of  constituting  the  obstacle  to  construction  and  convenient  mainte- 
nance of  the  canal  heretofore  supposed,  are  deprived  of  all  their 
prejudical  effects  and  transformed  into  beneficial  agents  for  the  opera- 
tion of  the  waterway. 

The  highest  floods  are  of  short  duration,  and  it  can  be  stated  as  a 
general  law  that  the  higher  the  flood  the  shorter  its  duration.  The 
great  floods  which  it  is  necessary  to  consider  in  connection  with  the 
maintenance  and  operation  of  this  canal  would  last  but  a  comparatively 
few  hours  only.  The  great  flood  flow  of  140,000  cubic  feet  per  second 
would  increase  the  current  in  the  narrowest  part  of  the  canal  below 
Obispo  to  possibly  5  feet  per  second  for  a  few  hours  only,  but  that  is 
the  only  inconvenience  which  would  result  from  such  a  flood  discharge. 
That  velocity  could  be  reduced  by  additional  excavation. 

Inasmuch  as  this  system  of  control,  devised  and  adopted  by  the 
Isthmian  Canal  Commission,  is  completely  effective  in  regulating  the 
Chagres  floods,  the  reservoir  proposed  to  be  constructed  by  the  new 
Panama  Canal  Company  at  Alhajuela,  on  the  Chagres  about  11  miles 
above  Obispo,  is  not  required,  and  the  cost  of  its  construction  would 
be  avoided.  It  could,  however,  as  a  project,  be  held  in  reserve.  If 
the  traflic  of  the  canal  should  increase  to  such  an  extent  that  more 
water  would  be  needed  for  feeding  the  summit  level,  the  dam  could 
be  built  at  Alhajuela  so  as  to  impound  enough  additional  water  to 
accommodate,  with  that  stored  in  Lake  Bohio,  at  least  five  times  the 
10,000,000  annual  traffic  already  considered.  Its  existence  would  at 
the  same  time  act  with  substantial  effect  in  controlling  the  Chagres 
floods  and  relieve  the  Gigante  spillway  of  a  corresponding  amount  of 
duty. 

The  locks  on  the  Panama  route  are  designed  to  have  *  *  •  a 
usable  length  of  740  feet  and  a  clear  width  of  84  feet  They  would  be 
built  chiefly  of  concrete  masonry,  while  the  gates  would  be  of  steel 
and  of  the  miter  type. 

The  great  dam  at  Bohio  raises  the  water  surface  in  the  canal  from 
sea  level  in  the  Atlantic  maritime  section  to  an  ordinary  maximum  of 
90  feet  above  sea  level;  in  other  words,  the  maximum  ordinary  total 
lift  would  be  90  feet.  This  total  lift  is  divided  into  two  parts  of  45 
feet  each.  There  is  therefore  a  flight  of  two  locks  at  Bohio;  indeed, 
there  are  two  flights  side  by  side,  as  the  twin  ari'angement  is  designed 
to  be  used  at  all  lock  sites  on  both  routes.  The  t^^pical  dinien>ions 
and  armngements  of  these  locks,  with  the  requisite  culverts  and  other 
features,  *  *  *  are  not  essentially  different  from  other  gi'eat  mod- 
ern ship-canal  locks.  The  excavation  for  the  Bohio  locks  is  made  in 
a  rocky  hill  against  which  the  southwesterly  end  of  the  projxjsed 
Aohio  dam  rest.^,  and  they  are  less  than  1,000  feet  from  it. 
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After  leaving  Bohio  Lake  at  Obispo  a  flight  of  two  locks  is  found 
at  Pedro  Miguel,  about  7.9  miles  from  the  former  or  21i  miles  from 
Bohio.  These  locks  have  a  total  ordinary  maximum  lift  of  60  feet, 
divided  into  two  lifts  of  30  feet  each.  The  fifth  and  last  lock  on  the 
route  is  at  Miraflores.  The  average  elevation  of  water  between  Pedro 
Miguel  and  Miraflores  is  30  feet  above  mean  sea  level.  Inasmuch  as 
the  i*ange  of  tide  between  high  and  low  in  Panama  Bay  is  about  20 
feet,  the  maximum  lift  at  Miraflores  is40ieet  and  the  minimum  about 
20.  The  twin  locks  at  Miraflores  bring  the  canal  surface  down  to  the 
Pacific  Ocean  level,  the  distance  from  those  locks  to  the  6-fathom 
curve  in  Panama  Bay  being  8.54  miles.  There  are  therefore  five  locks 
on  the  Panama  route,  all  arranged  on  the  twin  plan,  and,  as  on  the 
Nicaragua  route,  all  are  founded  on  rock. 

Near  Obispo  a  pair  of  guard  gates  are  arranged  "  so  that  if  it  should 
become  necessary  to  draw  off  the  water  from  the  summit  cut  the  level 
of  Lake  Bohio  would  not  be  affected." 

An  unprecedented  concentration  of  heavy  cutting  is  found  between 
Obispo  and  Pedro  Miguel.  This  is  practically  one  cut,  although  the 
northwesterly  end  toward  Obispo  is  called  the  Emperador,  while  the 
deepest  part  at  the  other  end,  about  3  miles  from  Pedro  Miguel,  is  the 
great  Culebra  cut,  with  a  maximum  depth  on  the  center  line  of  the  canal 
of  286  feet.  On  page  93  of  the  Isthmian  Canal  Commission's  report 
is  the  following  reference  to  the  material  in  this  cut:  "  There  is  a  little 
very  hard  rock  at  the  eastern  end  of  this  section,  and  the  western  2 
miles  are  in  ordinary  materials.  The  remainder  consists  of  a  hard 
indurated  clay,  with  some  softer  material  at  the  top  and  some  strata 
and  dikes  of  hard  rock.  In  fixing  the  price  it  has  been  rated  as  soft 
rock,  but  it  must  be  given  slopes  equivalent  to  those  in  earth.  This 
cut  has  been  estimated  on  the  basis  of  a  bottom  width  of  150  feet,  with 
side  slopes  of  1  on  1."  When  the  old  Panama  Canal  Company  began 
its  excavation  in  this  cut  considerable  difliculty  was  experienced  by 
the  slipping  of  the  material  outside  of  the  limits  of  the  cut  into  the 
excavation,  and  the  marks  of  that  action  can  be  seen  plainly  at  the 
present  time.  This  experience  has  given  an  impression  that  much  of 
the  material  in  this  cut  is  unstable,  but  that  impression  is  erroneous. 
The  clay  which  slipped  in  the  early  da3^s  of  the  work  was  not  drained, 
and,  like  wet  clay  in  numerous  places  in  this  country-,  it  slipped  down 
into  the  excavation.  This  material  is  now  drained  and  is  perfectly 
stable.  There  is  no  reason  to  anticipate  any  future  diflSculty  if  reason- 
able conditions  of  drainage  are  maintained.  The  high  faces  of  the  cut 
will  probably  weather  to  some  extent,  although  experience  with  such 
clay  faces  on  the  isthmus  indicates  that  the  amount  of  such  action  will 
be  small.  As  a  matter  of  fact,  the  material  in  which  the  Culebra  cut 
is  made  is  stable,  and  will  give  no  sensible  diflSculty  in  maint" 

Throughout  the  most  of  the  distance  between  Colon  and 
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the  eaHterly  side  of  tho  canal  the  French  plan  contemplated  an  exca- 
vated channel  to  receive  a  portion  of  the  waters  of  the  Chag^.s  as  well 
Bs  the  flow  of  two  Hmaller  rivers — the  Uatuncillo  and  the  ^lindi — so  as 
to  conduct  them  into  the  Ba}'  of  Manzanillo«  immediately  to  the  east 
of  Colon.  That  so-called  diversion  channel  was  nearly  completed. 
Under  the  plan  of  the  Commission  it  would  receive  none  of  the  Cha- 
gres  flow,  hut  it  would  be  available  for  intercepting  the  drainage  of  the 
high  ground  easterly  of  the  canal  line  and  the  flow  of  the  two  small 
rivers  named,  so  that  these  waters  would  not  find  their  way  into  the 
canal.  There  are  a  few  other  small  works  of  similar  character  in  dif- 
ferent portions  of  the  line,  all  of  which  were  recognized  and  provided 
for  by  the  Commission. 

The  total  length  of  the  Panama  route  from  the  6-fathom  curve  at 
Colon 'to  the  same  curve  in  Panama  Bay  is  49.09  miles.  The  general 
direction  of  the  route  in  passing  from  Colon  to  Panama  is  from  north- 
west to  southeast,  the  latter  point  being  about  22  miles  east  of  the 
Atlantic  terminus.  The  depression  through  which  the  line  is  laid  is 
one  of  easy  topography,  except  at  the  continental  divide  in  the 
Culebra  cut.  As  a  consequence,  there  is  little  heavy  work  of  excava- 
tion, as  such  matters  go,  except  in  that  cut.  A  further  consequence 
of  such  topography  is  a  comparatively  easy  alignment;  that  is,  one  in 
which  the  amount  of  curvature  is  not  high.  The  smallest  radius  of 
curvature  is  3,281  feet  at  the  entrance  to  the' inner  liarbor  at  the 
Cok)n  end  of  the  route,  and  where  the  width  is  800  feet.  The  radii  of 
the  remaining  curves  range  from  6,234  feet  to  19,629  feet. 

The  following  table  gives  all  the  elements  of  curvature  on  the  route 
and  indicates  that  it  is  not  excessive: 


Number  of  curvefl. 


1 
1 
4 
15 
4 
2 
1 
1 


Length. 

RadiuA. 
Feet. 

MOea. 

0.88 

19,629 

.48 

13,128 

4.22 

11,483 

11.61 

9,842 

2.44 

8,202 

1.67 

6,562 

.73 

6,234 

.82 

3,281 

22.85 

! 

Total 
curvature. 


14  17 

11  04 

111  32 

355  50 

90  20 

77  00 

85  45 

75  61 


771  39 


The  principal  items  of  the  total  amount  of  work  to  be  performed  in 
completing  the  Panama  Canal,  under  the  plan  of  the  Commission,  can 
be  classified  as  shown  in  the  following  table: 

Dredging cubic  yards. .  27, 659, 540 

Dry  earth do 14,386,954 

Soft  rock do 39,893,235 

Hard  rook do 8,806,340 

Rock  underwater : do 4,891,667 

Embankment  and  back  filling do 1, 802,  753 

Total do 97,440,489 
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Concrete cubic  yards. .    3, 762, 175 

Granite , do 13,820 

Iron  and  steel pounds. .  65, 248, 900 

Excavation  in  coffenlaui cubic  yards. .  7, 260 

Pneumatic  work do 108, 410 

The  lengths  of  the  various  sections  of  this  route  and  the  costs  of 
completing  the  work  upon  them  are  fully  set  forth  in  the  following 
table,  taken  from  the  Commission's  report,  as  were  the  two  pre*;eding: 

Total  eslimcUed  cost. 


Colon  entrance  and  harbor 

Harbor  to  Bohio  locks.  Including  leveea 

Bohio  locks,  including  excavation 

LakeBobio 

Obispo  gate« 

Culebra  section 

Pedro  Miguel  locks,  including  excavation  and  dam  . 

Pedro  Miguel  level 

Miraflores  locks,  including  excavation  and  spillway. 

Pacific  level '. 

Bohio  dam 

Gigante  spillway 

Pena  Blanca  outlet 

Chagres  diversion 

Gatnn  diversion 

Panama  Railroad  diversion 


Total ■    49.00 

Engineering,  police,  sanitation,  and  general  contingencies,  20  per  cent 


Cost. 


18.067.707 

11,099.899 

11,667,276 

2,962,164 

295.434 

44,414,460 

9,081,321 

1,192.286 

6,781,401 

12,427.971 

6,369,640 

1,209,419 

^448,076 

1,929.962 

100,000 

1,267.500 


Aggregate 


120,194,466 
24,038,808 

144,283,366 


The  item  in  this  table  called  Panama  Railroad  diversion  affords  pro- 
\  ision  for  the  reconstruction  of  the  railroad  necessitated  by  the  forma- 
tion of  Lake  Bohio.  That  lake  would  submerge  the  present  location 
of  the  railroad  for  14  or  15  miles.     ♦    ♦    ♦ 


The  ColebiB  cut  with  ■teamer  Ifeutteklamd  in  it. 

As  is  well  known,  the  entire  Central  Americfin  isthmus  is  a  volcanic 
r^on^  and  in  the  past  a  considerable  number  of  destructive  volcanic 
eruptions  have  taken  place  at  a  number  of  points.  There  is  a  line  of 
live  volcanoes  extending  southeasterly  through  Nicaragua  and  Costa 
Rica.  Many  earthquake  shocks  have  occurred  throughout  Nicamena^ 
Costa  Rica,  and  the  State  of  Panama,  some  of  which  have  dr 
or  leKs  damage  in  large  portions  of  those  districts.     *    * 
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conclusions  of  the  Commission  as  to  this  feature  of  the  matter  are 
concisely  stated  in  the  following  paragraphs  of  its  report: 

"It  is  possible  and  even  probable  that  the  more  accurately  fitting 
portions  of  the  canal,  such  as  the  lock  gates,  may  at  times  be  distorted 
by  earthquakes,  and  some  inconvenience  may  result  therefrom.  That 
contingency  may  be  classed  with  the  accidental  collision  of  ships  with 
the  gates,  and  is  to  be  provided  for  in  the  same  way,  by  duplicate  gates. 

"  It  is  possible  also  that  a  fissure  might  open  whicn  would  dram  the 
canal,  and,  if  it  remained  open,  might  destroy  it.  This  possibility' 
should  not  be  erected  by  the  fancy  into  a  threatening  danger.  If  a 
timorous  imagination  is  to  be  the  guide,  no  great  work  can  be  under- 
taken anywhere.  This  risk  may  be  classed  with  that  of  a  great  con- 
flagration in  a  city,  like  that  pf  Chicago  in  1871,  or  Boston  in  1872. 

"  It  is  the  opinion  of  the  Commission  that  such  danger  as  exists  from 
earthquakes  is  essentially  the  same  for  both  the  Nicaragua  and  Panama 
routes,  and  that  in  neither  case  is  it  sufficient  to  prevent  the  construc- 
tion of  the  canal." 

The  Nicaragua  route  crosses  the  line  of  live  volcanoes  running  from 
northwest  to  southeast  through  Central  America,  and  the  crater  of 
Ometepe  in  Lake  Nicaragua  is  about  11  miles  only  from  the  line.  The 
eruptions  of  Pel^e  and  Souf  riere  show  that  such  proximity  of  possible 
volcanic  action  may  be  a  source  of  great  danger,  although  even  the 
destruction  by  them  does  not  certainly  indicate  damage  either  to 
navigation  .or  to  canal  structures  at  the  distance  of  11  miles.  What- 
ever volcanic  danger  may  exist  lies  on  the  Nicaragua  route,  for  there 
is  no  volcano  nearer  than  175  miles  to  the  Panama  route. 

*  *  *  There  is  a  wide-spread,  popular  impression  that  the  Cen- 
tral American  countries  are  necessarily  intensely  unhealthful.  This 
is  an  error,  in  spite  of  the  facts  that  the  construction  of  the  Panama 
Railroad  was  attended  with  an  appalling  amount  of  sickness  and  loss 
of  life,  and  that  records  of  many  epidemics  at  other  times  and  in  other 
places  exist  in  nearly  all  of  these  countries.  There  are  the  best  of 
good  reasons  to  believe  that  with  the  enforcement  of  sanitary  regula- 
tions, which  are  now  well  understood  and  completely  available,  the 
Central  American  countries  would  be  as  healthful  as  our  Southern 
States.  A  proper  recognition  of  hygienic  conditions  of  life  suitable 
to  a  tropical  climate  would  work  wonders  in  Central  America  in  reduc- 
ing the  death  rate.  At  the  present  time  the  domestic  administmtion 
of  most  of  the  cities  and  towns  of  Nicaragua  and  Panama,  as  well  as 
the  geneitility  of  Central  American  cities,  is  characterized  by  the 
absence  of  practically  everything  which  makes  for  public  health,  and 
by  the  presence  of  nearly  every  agency  working  for  the  diseases  which 
flourish  in  tropical  climates.  When  the  United  States  Government 
reaches  the  point  of  actual  construction  of  an  isthmian  canal  the  sani- 
tary features  of  that  work  should  be  administered  and  enforced  in 
every  detail  with  the  rigor  of  the  most  exacting  military  discipline. 
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Under  such  conditions,  epidemics  I'ould  either  be  avoided  or  ivducod 
to  manageable  dimensions,  but  not  otherwise-     *    *    * 

The  time  required  for  passing  through  a  transisthmian  canal  is 
affected  by  the  length,  by  the  number  of  locks,  by  the  number  of 
curves,  and  by  the  sharpne^  of  curvature.  The  speed  of  a  ship,  and 
consequently  the  time  of  passage,  is  alt^  affected  by  the  depth  of 
water  under  its  keel.  It  is  well  known  that  the  same  jK>wor  applied 
to  a  ship  in  deep  water  of  unlimited  width  will  produce  a  much  higher 
i-ate  of  movement  than  the  same  power  applied  to  the  same  ship  in  a 
restricted  waterway,  ei?pecially  when  the  draft  of  the  ship  is  but  little 
less  than  the  depth  of  water.  These  considerations  have  imimrtiint 
bearings  both  upon  the  dimensions  of  a  ship  canal  and  utx>n  the  time 
required  to  pass  through  it.  They  were  most  carefully  considered  by 
the  Conmiission,  as  were  also  such  other  matters  as  the  delay  incurred 
in  passing  through  the  locks  on  each  line,  the  latter  including  the  tlelay 
of  slowing  or  approaching  the  lock  and  of  increasing  stx^ed  after  pass- 
ing it,  the  time  of  opening  and  dosing  the  gates,  and  the  time  of 
emptj'ing  and  filling  the  locks.  It  is  also  evident  that  shiixs  of  various 
sizes  will  require  different  times  for  their  passage.  After  giving  duo 
weight  to  all  these  considerations  it  was  found  that  what  may  1h^  called 
an  average  ship  would  require  twelve  hours  for  passing  through  tho 
Panama  Canal.     *    *     * 

The  prospective  industrial  and  commercial  value  of  the  canal  also 
occupied  the  attention  of  the  Commission  in  a  broad  and  careful  study 
of  the  elements  which  enter  that  part  of  the  problem.  It  is  difficult  if 
not  impossible  to  predict  just  what  the  effect  of  a  tmnsisthmian  canal 
would  be  either  upon  the  ocean  commerce  of  the  United  States  or  of 
other  parts  of  the  world,  but  it  seems  reasonable  to  supiwse  from  tho 
result  of  the  Commission's  examinations  that  had  the  canal  been  in 
existence  in  1899  at  least  6,000,000  tons  of  the  actual  traffic  of  that 
year  would  have  been  accommodated  by  it.*  The  opening  of  such  a 
waterway,  like  the  opening  of  all  other  traffic  routes,  induces  tho 
creation  of  new  traffic  to  an  extent  that  can  not  be  estimated,  but  it 
would  appear  to  be  reasonable  to  suppose  that  within  ten  years  from 
the  date  of  its  opening  the  vessel  tonnage  using  it  would  not  be  less 
than  10,000,000  tons.     *     *    * 

The  effect  of  this  ship  waterway  upon  the  well-being  of  the  United 
States  is  not  altogether  of  a  commercial  character.  Am  indicated  by 
the  Commission,  this  additional  bond  between  tho  two  portions  of  the 
countr}^  will  have  a  beneficial  effect  upon  the  unity  of  tho  politiciil 
interests  as  well  as  upon  the  commercial  welfare  of  the  country. 
Indeed  it  is  the  judgment  of  many  well-inforaied  people  that  the  com- 
mercial advantages  resulting  from  a  closer  touch  between  the  Atlantic 
and  Pacific  coasts  of  the  country  are  of  less  consequence  than  f**" 
unifying  of  political  interests. 
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By  W.  Bateson,  M.  A.,  F.  R.  S.* 


An  exact  determination  of  the  laws  of  heredity  will  probably  work 
more  change  in  man^s  outlook  on  the  world  and  in  his  power  over 
nature  than  any  other  advance  in  natural  knowledge  that  can  be 
clearly  foreseen. 

There  is  no  doubt  whatever  that  these  laws  can  be  determined.  In 
comparison  with  the  labor  that  has  been  needed  for  other  great  discov- 
eries we  may  even  expect  that  the  necessary  effort  will  be  small.  It  is 
rather  remarkable  that  while  in  other  branches  of  physiology  such  great 
progress  has  of  late  been  made,  our  knowledge  of  the  phenomena  of 
heredity  has  increased  but  little;  though  that  these  phenomena  consti- 
tute the  basis  of  all  evolutionary  science  and  the  very  central  problem 
of  natural  history  is  admitted  by  all.  Nor  is  this  due  to  the  special 
difficulty  of  such  inquiries  so  much  as  to  general  neglect  of  the  subject. 

It  is  in  the  hope  of  inducing  others  to  follow  these  lines  of  investi- 
gation that  I  take  the  problems  of  heredity  as  the  subject  of  this  lec- 
ture to  the  Royal  Horticultural  Society. 

No  one  has  better  opportunities  of  pursuing  such  work  than  horti- 
culturists and  stock  breeders.  They  are  daily  witnesses  of  the  phe- 
nomena of  heredity.  Their  success  also  depends  largely  on  a 
knowledge  of  its  laws,  and  obviously  every  increase  in  that  knowledge 
is  of  direct  and  special  importance  to  them. 

The  want  of  systematic  study  of  heredity  is  due  chiefly  to  misappre- 
hension. It  is  supposed  that  such  work  requires  a  lifetime.  But 
though  for  adequate  study  of  the  coinplex  phenomena  of  inheritance 
long  periods  of  time  must  be  necessary,  yet  in  our  present  state  of 

«  Reprinted  by  permission  of  the  author  and  the  publisher  from  Mendel's  Prin- 
ciples of  Heredity,  a  Defense  by  W.  Bateson,  M.  A.,  F.  R.  8.,  with  a  translation  of 
Mendel's  original  papers  on  hybridisation,  Cambridge  [England]:  At  the  Univer- 
sity Press,  1902. 

^The  first  half  of  thispaper  is  reprinted,  with  additions  and  modifications,  frr>m  the 
Journal  of  the  Royal  Horticultural  Society,  1900,  Vol.  XXV,  parts  1  and  2.  Writ- 
ten almost  immediately  after  the  rediscovery  of  Mendel,  it  will  be  seen  to  be 
already  in  some  measure  out  of  date,  but  it  may  thus  serve  to  show  the  relation  of 
the  new  conceptions  to  the  old.     (Author's  footnote  to  title  on  page  1  of  the 

volume. ) 
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deep  ignorance  almost  of  the  outline  of  the  facts,  obsen^ations  care- 
f ally  planned  and  faithfully  carried  out  for  even  a  few  jears  may  pro- 
duce results  of  great  value.  In  fact,  by  far  the  most  appreciable  and 
definite  additions  to  our  knowledge  of  these  matters  have  been  thus 
obtained. 

There  is  besides  some  misapprehension  as  to  the  kind  of  knowledge* 
w|iich  is  esi)eciall3'^  wanted  at  this  time,  and  as  to  the  modes  by  which 
we  may  expect  to  obtain  it.  The  present  paper  is  written  in  the  ho|ie 
that  it  may  in  some  degree  help  to  clear  the  ground  of  these  difficul- 
ties by  a  preliminary  consideration  of  the  question,  How  far  have  we 
got  toward  an  exact  knowledge  of  heredity,  and  how  can  we  get 
farther? 

Now,  this  is  preeminently  a  subject  in  which  we  must  distinguish 
what  we  can  do  from  what  we  want  to  do.  We  want  to  know  the 
whole  truth  of  the  matter;  we  want  to  know  the  physical  basis,  the 
inward  and  essential  nature,  "the  causes,"  as  they  are  sometimes 
called,,  of  heredity;  but  we  want  also  to  know  the  laws  which  the  out- 
ward and  visible  phenomena  obey. 

Let  us  recognize  from  the  outset  that  as  to  the  essential  nature  of 
these  phenomena  we  still  know  absolutely  nothing.  We  have  no 
glimmering  of  an  idea  as  to  what  constitutes  the  essential  process  by 
which  the  likeness  of  the  parent  is  transmitted  to  the  offspring.  We 
can  study  the  processes  of  fertilization  and  development  in  the  finest 
detail  which  the  microscope  manifests  to  us,  and  we  may  fairly  say 
that  we  have  now  a  considerable  grasp  of  the  visible  phenomena;  but 
of  the  nature  of  the  physical  basis  of  heredity  we  have  no  conception 
at  all.  No  one  has  yet  any  suggestion,  working  hypothesis,  or  mental 
picture  that  has  thus  far  helped  in  the  slightest  degree  to  penetrate 
beyond  what  we  see.  The  process  is  as  utterly  mysterious  to  us  as  a 
flash  of  lightning  is  to  a  savage.  We  do  not  know  what  is  the  essen- 
tial agent  in  the  transmission  of  parental  characters,  not  even  whether 
it  is  a  material  agent  or  not.  Not  only  is  our  ignorance  complete,  but 
no  one  has  the  remotest  idea  how  to  set  to  work  on  that  part  of  the 
problem.  We  are  in  the  state  in  which  the  students  of  physical  science 
were  in  the  period  when  it  was  open  to  anyone  to  believe  that  heat 
was  a  material  substance  or  not,  as  he  chose. 

But  apart  from  any  conception  of  the  essential  modes  of  transmis- 
sion of  chai'acters,  we  can  study  the  outward  facts  of  the  transmission. 
Here,  if  our  knowledge  is  still  very  vague,  we  are  at  least  beginning 
to  see  how  we  ought  to  go  to  work.  Formerly,  naturalists  were  con- 
tent with  the  collection  of  numbers  of  isolated  instances  of  transmis- 
sion— more  especially,  striking  and  peculiar  cases — the  sudden  appear- 
ance of  highly  prepotent  forms,  and  the  like.  We  are  now  passing 
out  of  that  stage.  It  is  not  that  the  interest  of  particular  cases  has  in 
any  way  diminished — for  such  records  will  always  have  their  value — 
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but  it  has  become  likely  that  general  expresvsions  will  be  found  capable 
of  sufficiently  wide  application  to  be  justly  called  •"'laws""  of  heredity. 
That  this  is  so  was  till  recently  due  almost  entirely  to  the  work  of 
Mr.  F.  Galton,  to  whom  we  are  indebted  for  the  first  systematic 
attempt  to  enunciate  such  a  law. 

All  laws  of  heredity  so  far  propounded  are  of  a  statistical  chaiucter 
and  have  been  obtained  hv  statistical  methods.  If  we  consider  for  a 
moment  what  is  actually  meant  by  a  "Jaw  of  heredity"  we  shall  see 
at  once  wh}'  these  investigations  must  follow  statistical  methods.  For 
a  'Maw'"  of  heredity  is  simply  an  attempt  to  declare  the  coui-se  of 
heredity  under  given  conditions.  But  if  we  attempt  to  predicate  the 
course  of  heredity  we  have  to  deal  with  conditions  and  groups  of  causes 
wholly  unknown  to  us,  whose  presence  we  can  not  recognize,  and 
whose  magnitude  we  can  not  estimate  in  any  particular  case.  The 
course  of  heredit}-  in  particular  cases  therefore  can  not  be  foreseen. 

Of  the  many  factors  which  determine  the  degree  to  which  a  given 
character  shall  l^e  present  in  a  given  individual  only  one  is  usually 
known  to  us,  namely,  the  degree  to  which  that  character  is  present  in 
the  parents.  It  is  common  knowledge  that  there  is  not  that  close  cor- 
respondence between  parent  and  offspring  which  would  result  were 
this  factor  the  only  one  operating;  but  that,  on  the  contrar}^  the 
resemblance  between  the  two  is  only  an  uncertain  one. 

In  dealing  with  phenomena  of  this  class  the  stud}"  of  single  instances 
reveals  no  regularity.  It  is  only  by  collection  of  facts  in  great  num- 
bers, and  by  statistical  treatment  of  the  mass,  that  any  order  or  law 
can  be  perceived.  In  the  case  of  a  chemical  reaction,  for  instance,  by 
suitable  means  the  conditions  can  be  accumtely  reproduced,  so  that  in 
every  individual  case  we  can  predict  with  certainty  that  the  same 
result  will  occur.  But  with  heredity  it  is  somewhat  as  it  is  in  the  case 
of  the  rainfall.  No  one  can  say  how  much  rain  will  fall  to-morrow  in 
a  given  place,  but  we  can  predict  with  moderate  accuracy  how  much 
will  fall  next  3'ear,  and  for  a  period  of  years  a  prediction  can  be  made 
which  accords  very  closel}"  with  the  truth. 

Similar  predictions  can  from  statistical  data  be  made  as  to  the  dura- 
tion of  life  and  a  great  variety  of  events,  the  conditioning  causes  of 
which  are  very  imperfectly  understood.  It  is  predictions  of  this  kind 
that  the  study  of  heredity  is  beginning  to  make  possible,  and  in  that 
sense  laws  of  heredity  can  be  perceived. 

We  are  as  far  as  ever  from  knowing  why  some  characters  are  ti*ans- 
mitted,  while  others  are  not;  nor  can  anyone  yet  foretell  which  indi- 
vidual parent  will  transmit  characters  to  the  offspring  and  which  will 
not;  nevertheless  the  progress  made  is  distinct. 

As  yet  investigations  of  this  kind  have  been  made  in  only  a  few 
instances,  the  most  notable  being  those  of  Galton  on  human  stature 
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published  a  brief  account^'  of  experiments  which  he  has  for  several 
years  been  carrj-ing  on,  giving  results  of  the  highest  value. 

The  description  is  very  short,  and  there  are  several  points  as  to  which 
more  precise  information  is  necessary,  both  as  to  details  of  procedure 
and  as  to  statement  of  results.  Nevertheless,  it  is  impossible  to  doubt 
that  the  work  as  a  whole  constitutes  a  marked  step  forward,  and  the  full 
publication  which  is  promised  will  be  awaited  with  great  interest. 

The  work  relates  to  the  course  of  hereditv  in  cases  where  definite 
varieties  differing  from  each  other  in  some  one  definite  character  are 
crossed  together.  The  cases  are  all  examples  of  discontinuous  varia- 
tion— that  is  to  say,  cases  in  which  actual  intermediates  between  the 
parent  forms  are  not  usually  produced  on  crossing.*  It  is  shown  that 
the  subsequent  posterity  obtained  by  self-fertilizing  these  crossbreds 
or  hybrids,  or  by  breeding  them  with  each  other,  break  up  into  the 
original  parent  forms  according  to  fixed  numerical  rule. 

Professor  de  Vries  begins  by  reference  to  a  remarkable  memoir  by 
Gregor  Mendel,^  giving  the  results  of  his  experiments  in  crossing 
varieties  of  Pmmi  sathavi.  These  experiments  of  Mendel's  were  car- 
ried out  on  a  large  scale,  his  account  of  them  is  excellent  and  complete, 
and  the  principles  which  he  was  able  to  deduce  from  them  will  cer- 
tainly play  a  conspicuous  part  in  all  future  discussions  of  evolutionary 
problems.  It  is  not  a  little  remarkable  that  Mendel's  work  should 
have  escaped  notice  and  been  so  long  forgotten. 

For  the  purposes  of  his  experiments  Mendel  selected  seven  pairs  of 
characters,  as  follows: 

1.  Shape  of  ripe  seed,  whether  round  or  angular  and  wrinkled. 

2.  Color  of  ' '  endosperm  "  (cotyledons),  whether  some  shade  of  j^ellow 
or  a  more  or  less  intense  green. 

B.  Color  of  the  seed  skin,  whether  various  shades  of  gray  and  gi*ay- 
brown  or  white. 

4.  Shape  of  seed  pod,  whether  simply  inflated  or  deeply  constricted 
h(^tween  the  seeds. 

5.  Color  of  unripe  pod,  whether  a  shade  of  green  or  bright  yellow. 

6.  Nature  of  inflorescence,  whether  the  flowers  are  arranged  along 
the  axis  of  the  plant  or  are  terminal  and  form  a  kind  of  umbel. 

7.  Length  of  stem,  whether  about  6  or  7  feet  long  or  about  three- 
fourthrf  to  li  feet. 

Large  numbers  of  crosses  were  made  between  pease  diflfering  in 
resj)ect  of  one  of  each  of  these  pairs  of  characters.  It  was  found  that 
in  each  case  the  offspring  of  the  cross  exhibited  the  character  of  one  of 
the  parents  in  almost  undiminished  intensit3%  and  intennediates  which 

«Comptefl  RenduH,  March  26,  1900,  and  Ber.  d.  Deutsch.  Bot.  Ges.,  XVIII,  1900, 
p.  S3. 

^Tliis  conception  o(  discontinuity  in,  of  course,  pre-Mendelian. 

<•  *' Versiiche  iib.  Pflanzcnhvdriden"  in  the  Verh.  d.  Naturf.  Yer.  Briinn,  IV,  1865. 
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could  not  be  at  once  referred  to  one  or  other  of  the  parental  f oroLs  were 
not  found. 

In  the  case  of  each  pair  of  characters  there  is  thus  one  which  in  the 
first  cross  prevails  to  the  exclusion  of  the  other.  This  prevailing 
character  Mendel  calls  the  dominant  character,  the  other  being*  the 
recessive  character.  ** 

That  the  existence  of  such  '^dominant"  and  "recessive"  cliaracters 
is  a  frequent  phenomenon  in  crossbreeding,  is  well  known  to  all  who 
have  attended  to  these  subjects. 

By  letting  the  crossbreds  fertilize  themselves  Mendel  next  raised 
another  generation.  In  this  generation  were  individuals  which  showed 
the  dominant  character,  but  also  individuals  which  presented  the 
recessive  character.  Such  a  fact  also  was  known  in  a  good  man\' 
instances.  But  Mendel  discovered  that  in  this  generation  the  numer 
ical  proportion  of  dominants  to  recessives  is  on  an  average  of  cases 
approximately  constant,  being  in  fact  as  three  to  one.  With  very 
considerable  regularity  these  numbers  were  approached  in  the  case  of 
each  of  his  pairs  of  characters. 

There  are  thus  in  the  first  generation  raised  from  the  crossbreds  75 
per  cent  dominants  and  25  per  cent  recessives. 

These  plants  were  again  self -fertilized,  and  the  offspring  of  each 
plant  separately  sown.  It  next  appeared  that  the  offspring  of  the 
recessives  remained  pure  recessive,  and  in  subsequent  generations 
never  produced  the  dominant  again. 

But  when  the  seeds  obtained  by  self -fertilizing  the  dominants  were 
examined  and  sown  it  was  found  that  the  dominantij  were  not  all  alike, 
but  consisted  of  two  classes,  (1)  those  which  gave  rise  to  pure  domi- 
nants, and  (2)  others  which  gave  a  mixed  offspring,  composed  partly 
of  recessives,  partly  of  dominants.  Here  also  it  was  found  that  the 
average  numerical  proportions  were  constant,  those  with  pure  domi- 
nant offspring  being  to  those  with  mixed  offspring  as  one  to  two. 
Hence  it  is  seen  that  the  75  per  cent  dominants  are  not  really  of  simi- 
lar constitution,  but  consist  of  twenty-five  which  are  pure  dominants 
and  fifty  which  are  really  crossbreds,  though,  like  the  crossbreds  raised 
by  crossing  the  two  original  varieties,  they  only  exhibit  the  dominant 
character. 

To  resume,  then,  it  was  found  that  by  self-fertilizing  the  original 
crossbreds  the  same  proportion  was  always  approached,  namely,  25 
dominants,  50  crossbreds,  25  recessives,  or  ID  :  2DR  :  IR. 

Like  the  pure  recessives,  the  pure  dominants  are  thenceforth  pure, 
and  only  give  rise  to  dominants  in  all  succ/Ceding  generations  studied. 

On  the  contrary  the  fifty  crossbreds,  as  stated  above,  have  mixeil 
offspring.     But  these  offspring,  again,  in  their  numerical  proportions, 

«  Note  that  by  jtheee  novel  terms  the  complicationa  involved  by  use  of  the  exprvm 
eion  ** prepotent'*  are  avoided. 
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follow  the  same  law,  iiainely,  that  there  are  three  dominants  to  one 
recessive.  The  recessives  are  pure  like  those  of  the  last  generation, 
but  the  dominants  can,  by  further  self-fertilization,  and  examination  or 
cultivation  of  the  seeds  produi*ed,  be  again  shown  to  be  made  up  of 
pure  dominants  and  crossbreds  in  the  same  projiortion  of  one  dominant 
to  two  crossbre<ls.  ^ 

The  process  of  breaking  up  into  the  parent  forms  is  thus  continued 
in  each  successive  generation,  the  same  numerical  law  being  followed 
so  far  as  has  yet  been  observed. 

Mendel  made  further  experiments  with  /VtVt/;/?  tint  hum  ^  crossing 
pairs  of  varieties  which  differed  from  each  other  in  two  character, 
and  the  i-esults,  though  necessarily  nuich  more  complex,  showed  that 
the  law  exhibited  in  the  simpler  case  of  paii*s  differing  in  respect  of 
one  character  opei-ated  here  also. 

In  the  case  of  the  union  of  varieties  AB  and  ah  differing  in  two  dis- 
tinct pairs  of  characters,  A  and  at,  B  and  J,  of  which  ^i  and  B  are 
dominant,  a  and  h  recessive,  Mendel  found  that  in  the  Urst  crossbred 
generation  there  was  only  one  class  of  offspring,  really  AaBh, 

But  by  reason  of  the  dominance  of  one  character  of  each  pair  these 
first  crosses  were  hardly,  if  at  all,  distinguishable  from  AB. 

By  letting  these  AaBVs  fertilize  themselves,  only  four,  classes  of 
offspring  seemed  to  be  produced,  namely, 

AB  showing  both  dominant  characters. 

Ah  showing  dominant  A  and  recessive  h. 
aB  showing  recessive  a  and  dominant  B. 

ah  showing  both  recessive  characters  a  and  J. 

The  numerical  proportions  in  which  these  classes  appeared  were  also 
regular  and  approached  the  ratio 

9Ji?  :  3  Ah  :  ^aB  :  lah. 

But  on  cultivating  these  plants  and  allowing  them  to  fertilize  tliem- 
selves  it  was  found  that  the  members  of  the 

Ratios 

1  ah  class  produce  only  ah\. 

«     \\     aB  class  may  produce  either  all  ^^s, 
[2  (/r  both  aB'n  and  ^Z»'s. 

1  Ah  class  may  produce  either  all  A7}\ 

2  or  both  Ah^s  and  flrJ's. 

1  AB  class  may  produce  either  all  ^l^s, 

2  or  both  AB'a  and  AV», 
9      2            or  both  AB'h  and  aJi'n, 

4  or  all  four   possible  classes  again,  namely,  AJTh^  A7/h^ 

aB^H^  and  //A's, 

and  the  average  number  of  members  of  each  <*lass  will  approach  the 
ratio  1  :  3  :  3  :  9  as  indicated  al)ove. 
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The  details  of  those  expoiiinents  and  of  others  like  them  made  with 
three  pairs  of  differentiating  characters  are  all  set  out  in  MendePs 
memoir. 

Professor  de  Vries  has  worked  at  the  same  problem  in  some  dozen 
species  })elonging  to  several  genera,  using  pairs  of  varieties  chara<'- 
terized  by  a  great  number  of  characters:  for  instance,  color  of  flowers, 
stems,  or  fruits,  hairiness,  length  of  style,  and  so  forth.  He  states 
that  in  all  these  cases  Mendel's  principles  are  followed. 

The  numbers  with  which  Mendel  worked,  though  large,  were  not 
large  enough  to  give  really  smooth  results;"  but  with  a  few  i-athor 
marked  exceptions  the  obser>'ations  are  remarkably  consistent,  and 
the  approximation  to  the  numbers  demanded  by  the  law  is  greatest  in 
those  cases  where  the  largest  numbers  were  used.  When  we  consider, 
besides,  that  Tschermak  and  Correns  announce  definite  confirmation 
in  the  case  of  7V/<i/?/?,  and  de  Vries  adds  the  evidence  of  his  long  series 
of  observations  on  other  species  and  orders,  there  can  be  no  doubt  that 
Mendel's  law  is  a  substantial  reality;  though  whether  some  of  the 
cases  that  depart  most  widely  from  it  can  be  brought  within  the  terms  of 
the  same  principle  or  not,  can  only  be  decided  by  further  experiments. 

One  may  natui-alh^  ask,  How  can  these  results  be  brought  into  har- 
mony with  the  facts  of  hj  bridization  hitherto  known;  and  if  all  this  is 
true,  how  is  it  that  others  who  have  carefully  studied  the  phenomena 
of  hybridization  have  not  long  ago  perceived  this  law?  The  answer 
to  this  question  is  given  by  Mendel  at  some  length,  and  it  is,  I  think, 
satisfactory.  He  admits  from  the  first  that  there  are  undoubtedly 
cases  of  hybrids  and  cross-breds  which  maintain  themselves  pure  and 
do  not  })reak  up.  Such  examples  are  plainly  outside  the  sco|)e  of  his 
law.  Next  ho  points  out,  what  to  anyone  who  has  rightly  compre- 
hended the  nature  of  discontinuity  in  variation  is  well  known,  that  the 
variations  in  each  character  must  be  separately  regarded.  In  most 
experiments  in  crossing,  forms  are  taken  which  differ  from  eac*h  other 
in  a  nmltitude  of  characters — some  continuous,  others  discontinuous, 
some  capa})le  of  })lending  with  their  contmries,  while  others  are  not. 
The  observer  on  attempting  to  perceive  an}'  regularity  is  confused  by 
the  complications  thus  introduced.  Menders  law,  as  he  fairly  says, 
could  only  api^ear  in  such  cases  by  the  use  of  overwhelming  numlwrs, 
which  are  beyond  the  possibilities  of  practical  experiment.  •  Lastly,  no 
previous  observer  had  applied  a  strict  statistical  method. 

Both  these  answers  should  be  acceptjible  to  those  who  have  studied 
the  facts  of  variation  and  have  appreciated  the  nature  of  species  in  the 
light  of  those  facts.     That  different  species  should  follow  different 

t«  Profe8s»or  Wddon  (p.  232)  takeH  great  excei)tioii  to  this  statement,  which  he 
considerately  attributes  to  ''nonie  writers.*'  After  examining  the  oonclnsions  he 
obtained  by  algebraical  ntiidy  of  Mendel's  figun»8  1  am  di8i)osetl  to  think  my  state- 
ment not  very  far  out. 
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laws  and  that  the  sanio  hiw  should  not  apply  to  all  rlianirter^  alike  is 
exactly  what  we  have  every  ri^ht  to  exj>ect.  It  will  also  ])e  remem- 
bered that  the  principle  is  onlv  explicitly  declared  to  apply  to  discon- 
tinuous chaiucters/'  As  stated  also,  it  can  only  be  true  where 
reciprocal  crossing's  lead  to  the  same  result.  ^loreover,  it  can  only  be 
tciited  when  there  is  no  sensible  diminution  in  fertilitv  on  crossinor. 

Upon  the  appearance  of  de  Vries's  paper  announcing  the  '"redis- 
covery" and  confirmation  of  MendeFs  law  and  its  extension  to  a  great 
number  of  cases,  two  other  observers  came  forward  almost  simultane- 
ously and  independently  described  series  of  experiments  fully  confirm- 
ing Mendel's  work.  Of  these  papers  the  first  is  that  of  Correns,  who 
repeated  Mendel's  original  experiment  with  pease  having  seeds  of  dif- 
ferent colors.  The  second  is  a  long  and  very  valuable  memoir  of 
Tschermak,  which  gives  an  account  of  elaborate  researches  into  the 
results  of  crossing  a  number  of  varieties  of  Plnum  mtlnm).  These 
experiments  were  in  many  cases  carried  out  on  a  large  scale,  and  prove 
the  main  fact  enunciated  bv  ^lendel  bevond  anv  possibilitv  of  con- 
tradiction.  Thi  more  exhaustive  of  these  researches  are  those  of 
Tschermak  on  peas  and  correns  on  several  varieties  of  maize.  Both 
these  elaborate  investigations  have  abundanth'  proved  the  general 
applicability  of  Mendel's  law  to  the  character  of  the  plants  studied, 
though  both  indicate  some  few  exceptions.  The  details  of  de  Vries^s 
experiments  are  promised  in  the  second  volume  of  his  most  valuable 
Mniatkm^theirrh',  Correns  in  regard  to  maize  and  Tschermak  in  the 
case  of  P,  sativum  have  obtained  further  proof  that  Mendel's  law 
holds  as  well  in  the  case  of  varieties  differing  from  each  other  in  two 
pairs  of  characters,  one  of  each  pair  being  dominant,  though  of  course 
a  more  complicated  expression  is  needed  in  such  cases.'' 

That  we  are  in  the  presence  of  a  new  principle  of  the  highest  impor- 
tance is  manifest.  To  what  further  conclusions  it  mav  lead  us  can  not 
yet  be  foretold.  But  l)oth  Mendel  and  the  authors  who  have  followed 
him  lay  stress  on  one  conclusion,  which  will  at  once  suggest  itself  to 
anvone  who  reflects  on  the  facts.  For  it  will  be  seen  that  the  results 
are  such  as  we  might  expect  if  it  be  imagined  tliat  the  cross-}) red  plant 
produced  |x>llen  grains  and  egg  cells,  each  of  which  l)ears  only  one  of 
the  alternative  varietal  characters  and  not  l)oth.  If  this  were  so,  and 
if  on  an  average  the  same  number  of  pollen  grains  and  k^^^  cells  trans- 
mit each  of  the  two  characters,  it  is  clear  that  on  a  randcmi  assortment 
of  pollen  grains  and  ^^^  cells  Mendel's  law  woidd  be  obeyed.  For  25 
percent  of  ''dominant"  pollen  grains  would  unite  with  25  per  cent 

«  See  later. 

''Twhemiak'n  inveHtigatioDH  were  iKWcUt?  directod  to  a  rooxamination  of  the  ques- 
tion of  the  alw«enoe  of  })eneficial  resiiltf  on  cross- ft^rtilizing  /*.  mtirumf  a  suhjet-t 
already  niueh  investigated  by  Darwin,  and  u{K)n  this  matter  also  iiu|>ortant  further 
evidence  is  given  in  great  detail. 
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''dominant"  egg  cells;  25  per  cent  "recessive'"  pollen  gi*ains  would 
similarly  unite  with  25  per  cent  "recessive"  egg  cells;  while  the 
remaining  50  per  cent  of  each  kind  would  unite  together.  It  is  this 
consideration  which  leads  both  Mendel  and  those  who  have  follo¥red 
him  to  assert  that  these  fact^  of  crossing  prove  that  each  egg  cell  and 
each  pollen  grain  is  pure  in  respect  of  each  chanicter  to  which  the  law 
applies.  It  is  highly  desirable  that  varieties  differing  in  the  fomi  of 
their  pollen  should  be  made  the  subject  of  these  experiments,  for  it  is 
quite  possible  that  in  such  a  case  strong  confirmation  of  this  deduction 
might  be  obtained.  [Preliminary  trials  made  with  reference  to  this 
point  have  so  far  given  negative  results.  Remembering  that  a  pollen 
grain  is  not  a  germ  cell,  but  only  a  bearer  of  a  germ  cell,  the  hope  of 
seeing  pollen  grains  differentiated  according  to  the  characters  the}^ 
bear  is  probably  remote.  Better  hopes  may  perhaps  be  entertained 
in  regard  to  spermatozoa,  or  possibty  female  cells.] 

As  an  objection  to  the  deduction  of  purity  of  germ  cells,  however, 
it  is  to  be  noted  that  though  tine  intermediates  did  not  generally  occur, 
yet  the  intensity  in  which  the  characters  appeared  did  vary  in  degree, 
and  it  is  not  easy  to  see  how  the  hypothesis  of  perfect  purity  in  the 
reproductive  cells  can  be  supported  in  such  cases.  Be  this,  however, 
as  it  may,  there  is  no  doubt  we  are  beginning  to  get  new  lights  of  a 
most  valuable  kind  on  the  nature  of  heredity  and  the  laws  which  it 
obeys.  It  is  to  be  hoped  that  these  indications  will  be  at  once  followed 
up  by  independent  workers.  Enough  has  been  said  to  show  how 
necessary  it  is  that  the  subjects  of  experiment  should  be  chosen  in  such 
a  way  as  to  bring  the  laws  of  heredity  to  a  real  test.  For  this  pur- 
pose the  first  essential  is  that  the  differentiating  characters  should  be 
few,  and  that  all  avoidable  complications  should  be  got  rid  of.  Each 
experiment  should  be  reduced  to  its  simplest  possible  limit*^.  The 
results  obtained  by  Galton,  and  also  the  new  ones  especially  described 
in  this  paper,  have  each  been  reached  by  restricting  the  range  of 
observation  to  one  character  or  group  of  chai-acters,  and  it  is  certain 
that  by  similar  treatment  our  knowledge  of  heredity  may  be  rapidly 
extended. 

To  the  above  popular  presentation  of  the  essential  facts,  made  for 
an  audience  not  strictly  scientific,  some  addition,  however  brief,  is 
called  for.  First,  in  regard  to  the  law  of  ancestry,  spoken  of  on  a 
preceding  page.  Those  who  are  acquainted  with  Pearson^s  Grammar 
of  Science,  second  edition,  published  early  in  1900,  the  same  author's 
paper  in  Proceedings  Royal  Society,  volume  66^  1800,  page  14^,  or  the 
extensive  memoir  (published  October,  1900),  on  the  inheritance  of 
coat  color  in  horses  and  eye  color  in  man  (Phil.  Trans.,  195,  A,  190(), 
p.  79),  will  not  need  to  be  told  that  the  few  words  I  have  given  aliove 
constitute  a  most  imperfect  diagram  of  the  operations  of  that  law  as 
low  developed.     Until  the  appearance  of  these  tivatLses  it  wjis,  1 
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believe,  j^enerally  considered  that  the  law  of  ancestral  heredity  was 
to  be  taken  as  apply  in  j>f  to  phenomena  like  these  (coat  color,  aye  color, 
etc.)  where  the  inheritance  is  generally  alternative,  as  well  as  to  the 
phenomena  of  blended  inheritance. 

Pearson,  in  the  writings  referred  to,  besides  withdrawing  other 
large  categories  of  phenomena  from  the  scope  of  its  operations,  points 
out  that  the  law  of  ancestral  heredity  does  not  satisf actor il}'  express 
the  cases  of  alternative  inheritance.  He  urges,  and  with  reason,  that 
these  classes  of  phenomena  should  be  separately  dealt  with. 

The  whole  issue  as  regards  the  various  possibilities  of  heredity  now 
recognized  will  be  made  clearer  by  a  very  brief  exposition  of  the 
several  conceptions  involved. 

If  an  organism  producing  germ-cells  of  a  given  constitution, 
uniform  in  respect  of  the  characters  the}^  bear,  breeds  with  another 
organism  "  bearing  precisely  similar  germ-cells,  the  offspring  resulting 
will,  if  the  conditions  are  identical,  be  uniform. 

In  practice  such  a  phenomenon  is  seen  in  pure  breeding.  It  is  true 
that  we  know  no  case  in  nature  where  all  the  germ-cells  are  thus 
identical,  and  where  no  variation  takes  place  be3'ond  what  we  can 
attribute  to  conditions,  but  we  know  many  cases  where  such  a  result 
is  approached,  and  very  many  where  all  the  essential  features  which 
we  regard  as  constituting  the  characters  of  the  breed  are  reproduced 
with  approximate  certainty  in  every  member  of  the  pure-bred  race, 
which  thus  closely  approach  to  uniformity. 

But  if  two  germ-cells  of  dissimilar  constitution  unite  in  fertilization, 
what  offspring  are  we  to  expect?*  First  let  us  premise  that  the 
answer  to  this  question  is  known  experimentally  to  differ  for  many 
organisms  and  for  many  classes  of  characters,  and  may  almost  cer- 
tainly be  in  part  determined  by  external  circumstances.  But  omitting 
the  last  qualification,  certain  principles  are  now  clearly  detected, 
though  what  principle  will  apply  in  any  given  case  can  only  be 
determined  by  direct  experiment  made  with  that  case. 

This  is  the  phenomenon  of  cross  breeding.  As  generally  used,  this 
term  means  the  union  of  members  of  dissimilar  varieties,  or  species; 
though  when  dissimilar  gametes^  produced  by  two  individuals  of  the 
same  variety  unite  in  feitilization,  we  have  essentiall}'  cross  breeding 
in  respect  of  the  character  or  characters  in  which  those  gametes 
differ.     We  will  suppose,  as  before,  that  these  two  gametes  bearing 

« For  eimplicit}'^  the  case  of  self-fertilization  is  omitted  from  this  consideration. 

6  In  all  the  cases  discussed  it  is  assumed  that  the  gametes  are  similar  except  in 
regard  to  the  ** heritage"  they  bear,  and  that  no  original  variation  is  taking  place. 
The  case  of  mosaics  is  also  left  wholly  out  of  account  (see  later). 

&The  tenn  ''gamete"  is  now  generally  used  as  the  equivalent  of  "germ-cell," 
whether  male  or  female,  and  the  term  "zygote"  is  here  used  for  brevity  to  denote 
the  organism  resulting  from  fertilization. 
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propeilies   unlike    in    respect   of    ii    given   chameter  are   ))orne    rjy 
different  individuals. 

In  the  simplest  case,  suppose  a  gamete  from  an  individual  present- 
ing any  character  in  intensity  A  unite  in  fertilization  with  another 
from  an  individual  presenting  the  same  character  in  intensity  a.  For 
brevity's  sake  we  may  call  the  parent  individuals  A  and  a  and  the 
resulting  zygote  Aa.  What  will  the  structure  of  Aa  be  in  regard  to 
the  character  we  are  considering? 

Up  to  Mendel  no  one  proposed  to  answer  this  question  in  jmy  other 
way  than  by  reference  to  the  intensity  of  the  charat^ter  in  the  progen- 
itors and  primarily  in  the  parents.  A  and  a^  in  whose  bodies  the 
gametes  had  been  developed.  It  was  well  known  that  such  a  refer- 
ence gave  a  very  poor  indication  of  what  A  a  would  be.  Both  A  and 
a  may  come  from  a  population  consisting  of  individuals  manifesting 
the  same  character  in  various  intensities.  In  the  pedigree  of  either  ^-1 
or  a  these  various  intensities  mav  have  occurred  few  or  manv  times. 
Common  experience  leads  us  to  expect  the  probability  in  regard  to 
Aa  to  be  influenced  b}^  this  history.  The  next  step  is  that  which 
Galton  took.  He  extended  the  reference  beyond  the  immediate  par- 
ents of  Aa  to  its  grandparents,  great-grandparents,  and  so  on,  and  in 
the  cases  he  studied  he  found  that  from  a  knowledge  of  the  intensity 
in  which  the  given  character  was  manifested  in  each  progenitor,  even 
for  some  few  generations  back,  a  fairly  accurate  prediction  could  be 
made,  not  as  to  the  character  of  anv  individual  Aa^  but  as  to  the  aver- 
age character  of  ^1^'s  of  similar  parentage  in  general. 

But  suppose  that  instead  of  individuals  presenting  one  character  in 
differing  intensities,  two  individuals  breed  together,  distinguished  by 
characters  which  we  know  to  be  mutually  exclusive,  such  as  A  and  7?. 
Here  again  we  may  speak  of  the  individuals  producing  the  gametes  as 
A  and  B  and  the  resulting  z^^gote  as  A/i.  What  will  AB  be  like? 
The  population  here  again  may  consist  of  many  like  .1  and  like  jB. 
These  two  forms  ma}'  have  l)een  breeding  together  indiscriminately, 
and  there  may  have  been  many  or  few  of  either  type  in  the  pedigree 
of  either  A  or  B, 

Here  again  (talton  applied  his  method  with  remarka])le  success. 
Referring  to  the  progenitors  of  .1  and  /?,  determining  how  many  of 
each  type  there  were  in  the  direct  pedigree  of  A  and  of  B^  he  arrived 
at  the  same  formula  as  before,  with  the  simple  difference  that  instead 
of  expressing  the  pro})able  avemge  intensity  of  one  character  in  sev- 
eral individuals,  the  prediction  is  given  in  terms  of  the  probable  num- 
ber of  ^fs  and  B's  that  would  result  on  an  average  when  particular 
^'s  and  B's  of  known  pedigree  breed  together. 

The  law  as  Galton  gives  it  is  as  follows: 

"It  is  that  the  two  parents  contribuU*  between  tliem  on  the  average 
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one-half  or  (D.o)  of  the  total  heritage  of  the  oifspring;  the  four  grand- 
parents, one  quarter  or  (0.5)'^;  the  eight  great-grandparents,  one- 
eighth  or  (0.5)',  and  so  on.  Then  the  sum  of  the  ancestral 
contributions  is  expressed  by  the  series 

{(0.5)  +'(0.5)*  +  (0.5)%  etc.}, 

which,  being  equal  to  1,  accounts  for  the  whole  heritage.'' 

In  the  former  case  where  A  and  a  are  characters  which  can  be  denoted 
by  reference  to  a  common  scale,  the  law  assumes  of  course  that  the 
inheritance  will  be,  to  use  Galton's  term,  blended;  namely,  that  the 
zygote  resulting  from  the  union  of  A  with  a  will  on  the  average  be 
more  like  a  than  if  A  had  been  united  with  A/  and,  conversely,  that 
an  Aa  zygote  will  on  the  average  be  more  like  A  than  an  aa  zygote 
would  be. 

But  in  the  case  of  ^'s  and  ^'s,  which  are  assumed  to  be  mutually 
exclusive  characters,  we  can  not  speak  of  blending,  but  rather,  to  use 
Galton's  term,  of  alternative  inheritance. 

Pearson,  finding  that  the  law,  whether  formulated  thus  or  in  the 
modified  form  in  which  he  restated  it,^  did  not  express  the  phenomena 
of  alternative  inheritance  known  to  him  with  sufficient  accuracy  to 
justify  its  strict  application  to  them,  and  also  on  general  grounds  pro- 
posed that  the  phenomena  of  blended  and  alternative  inheritance 
should  be  treated  apart — a  suggestion*  the  wisdom  of  which  can 
scarcely  be  questioned. 

Now  the  law  thus  imperfectly  set  forth  and  every  modification  of  it 
is  incomplete  in  one  respect.  It  deals  only  with  the  characters  of  the 
resulting  zygotes  and  predicates  nothing  in  regard  to  the  gametes 
which  go  to  form  them.  A  good  prediction  may  be  made  as  to  any 
given  group  of  zygotes,  but  the  various  possible  constitutions  of  the 
gametes  are  not  explicitly  treated. 

Nevertheless  a  definite  assumption  is  implicitly  made  regarding  the 
gametes.  It  is  not  in  question  that  differences  between  these  gametes 
may  occur  in  respect  of  the  heritage  they  bear,  yet  it  is  as-umed  that 
these  differences  will  be  distributed  among  the  gametes  of  any  indi- 
vidual zygote  in  such  a  way  that  each  gamete  remains  capable  on  fer- 
tilization of  ti*ansmittingall  the  characters  (both  of  the  parent  zygote 
and  of  its  progenitors)  to  the  zygote  which  it  then  contributes  to  form 
(and  to  the  posterity  of  that  zygote)  in  the  intensity  indicated  by  the 
law.  Hence,  the  gametes  of  any  individual  are  taken  as  collectively  a 
fair  sample  of  all  the  racial  characters  in  their  appropriate  intensities, 
and  this  theory  demands  that  there  shall  have  been  no  qualitative 
redistribution  of  characters  among  the  gametes  of  any  zygote  in  such 

« In  Peareon'B  modification  the  parents  rontribnte  0.3,  tlje  gran(li>arent«t,  0.15.  the 
^rreat>-grand parents  0.075. 

''See  the  works  referred  to  al)ove. 
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a  way  that  some  gametes  shall  be  finally  excluded  from  pirtaking  of 
and  transmitting  any  specific  part  of  the  heritage.  The  theory  further 
demands — and  by  the  analogy  of  what  we  know  otherwise  not  only  of 
animals  and  plants,  but  of  phj^sical  or  chemic^al  laws,  ]ierhaps  this  is 
the  most  serious  assumption  of  all—  that  the  structure  of  the  gametes 
shall  admit  of  their  being  capable  of  transmitting  any  character  in  any 
intensity  varying  from  zero  to  totality  with  equal  ease,  and  that 
gametes  of  each  intensity  are  all  equally  likeh'  to  occur,  given  a  pedi- 
gree of  appropriate  arithmetical  composition. 

Such  an  assumption  appears  so  improbable  that  even  in  cases  where 
the  facts  seem  as  j^et  to  point  to  this  conclusion  with  exceptional  clear- 
ness, as  in  the  case  of  human  stature,  I  can  not  Imt  feel  there  is  still 
room  for  reserve  of  judgment. 

However  this  may  be,  the  law  of  ancestral  heredity  and  all  modifi- 
cations of  it  yet  proposed  falls  short  in  the  respect  specified  above — 
that  it  does  not  directly  attempt  to  give  any  account  of  the  distribution 
of  the  heritage  among  the  gametes  of  an}'  one  individual. 

Mendel's  conception  differs  fundamentally  from  that  involved  in  the 
law  of  ancestral  heredity.  The  relation  of  his  hypothesis  to  the  fore- 
going may  be  most  easily  shown  if  we  consider  it  first  in  application 
to  the  phenomena  resulting  from  the  cross  breeding  of  two  pure 
varieties. 

Let  us  again  consider  the  case  of  two  varieties,  each  displaying  the 
same  character,  but  in  the  respective  intensities  A  and  a.  Each  gamete 
of  the  A  variety  bears  A^  and  each  gamete  of  the  a  variety  bears  a. 
When  they  unite  in  fertilization  they  form  the  zygote  Aa,  What  will 
be  its  characters?  The  Mendeliau  teaching  would  reply  that  this  can 
only  be  known  by  direct  experiment  with  the  two  forms  A  and  f/,  and 
that  the  characters  A  and  a  perceived  in  those  two  forms  or  varieties 
need  not  give  an}^  indication  as  to  the  character  of  the  zygote  Aa.  It 
may  displaj^  the  character  A  or  a  or  a  character  halfway  between  the 
two,  or  a  character  beyond  A  or  below  a.  The  character  of  Aa  is 
not  regarded  as  a  heritage  transmitted  to  it  by  ^  and  by  a,  but  as  a 
character  special  and  peculiar  to  Aa^  just  as  NaCl  is  not  a  body  lialf- 
way  between  sodium  and  chlorine,  or  such  that  its  properties  can  be 
predicted  from  or  easily  stated  in  terms  of  theirs. 

If  a  concrete  case  may  help,  a  tall  pea  A  crossed  with  a  dwarf  a  often 
produces  not  a  plant  having  the  height  of  either  A  or  a,  but  some- 
thing taller  than  the  pure  tall  variety  A, 

But  if  the  case  obeys  the  Mendelian  principles — as  does  that  here 
quoted — then  it  can  be  declared,  first,  that  the  gametes  of  Aa  will  not 
be  bearers  of  the  character  proper  to  Aa;  but,  generally  speaking, 
each  gamete  will  either  bear  the  pure  A  character  or  the  jmre  a  char- 
acter. There  will  in  fact  be  a  redistribution  of  the  characters  brought 
m  by  the  gametes  which  united  to  form  the  zygote  Aa^  such  that  each 
iimete  of  Aa  is  pure,  as  the  parental  gjunetes  were.     Secondly,  this 


THE   PROBLEMS   OF   HEREDITY    AND   THEIR  SOLUTION.       573 

redistribution  will  occur  in  such  a  way  that  of  the  ^nietes  produced 
b^"  such  ^l^/'s,  on  an  avcmge  there  will  be  equal  numbers  of  ^1  gametes 
and  of  a  gametes. 

Consequently  if  dirt's  breed  together,  the  new  ^1  gsuuetes  may  meet 
each  other  in  fertilization,  forming  a  zygotic  ^L4,  nameh^,  the  pure  A 
variety  again.  Similarly  two  a  gametes  may  meet  and  form  aa^  or  the 
pure  a  variety  again.  But  if  an  J.  gamete  meets  an  at,  it  will  once 
more  form  Aa^  with  its  special  character.  This  Aa  is  the  h^'brid  or 
"mule''*  form,  or,  as  I  have  elsewhere  called  it,  the  heterozygote,  as 
distinguished  from  AA  or  aa  the  homozygotes. 

Similarly  if  the  two  gametes  of  two  varieties  distinguished  b}^  char- 
acters A  and  ^,  which  can  not  be  described  in  terms  of  any  com- 
mon scale — such  as,  for  example,  the  "rose"  and  "single"  combs  of 
fowls — unite  in  fertilization,  again  the  character  of  the  mule  form  can 
not  be  predicted.  Before  the  experiment  is  made  the  "mule"  may 
present  any  form.  Its  character  or  properties  can  as  yet  be  no  more 
predicted  than  could  those  of  the  compounds  of  unknown  elements 
before  the  discovery  of  the  periodic  law. 

But  again — if  the  case  be  Mendelian — the  gametes  borne  hy  AB  will 
be  either  ^I's  or  ^\s,«  and  the  cross-bred  AJTs  breeding  together  will 
form  ^^'s,  AJTs^  and  BB^a,  Moreover,  if,  as  in  the  normal  Mende- 
lian case,  AB's  bear  on  an  average  equal  numbers  of  A  gametes  and 
S  gametes,  the  numerical  ititio  of  these  resulting  zygotes  to  each  ' 
other  will  be 

1  AA  :2AB  :1  BB. 

We  have  seen  that  Mendel  makes  no  prediction  as  to  the  outward 
and  visi))le  characters  of  AB^  but  only  as  to  the  essential  constitution 
and  statistical  condition  of  its  gametes  in  regard  to  the  characters  A 
and  B.  Nevertheless  in  a  large  number  of  cases  the  character  of  AB 
is  known  to  fall  into  one  of  three  categories  (omitting  mosaics). 

(1)  The  cross-bred  may  almost  always  resemble  one  of  its  pure  par- 
ents so  closely  as  to  be  practically  indistinguishable  from  that  pure 
form,  as  in  the  case  of  the  yellow  cotyledon-color  of  certain  varieties 
of  peas  when  crossed  with  green-cotyledoned  varieties;  in  which  case 
the  parental  character,  yellow,  thus  manifested  by  the  cross  bred  is 
called  "dominant,"  and  the  parental  character,  green,  not  manifested, 
is  called  recessive. 

(2)  The  crossbred  may  present  some  condition  intermediate  between 
the  two  parental  forms,  in  which  case  we  may  still  retain  the  term 
"blend"'  as  applied  to  the  zygote. 

Such  an  "  intermediate  "  may  be  the  apparent  mean  between  the  two 
parentiil  forms,  or  })e  nearer  to  one  or  other  in  any  degree.     Such  a 

«ThiH  cont'eption  was  dearly  formed  by  Naudiii  eimultaiieously  with  Mendel,  but 
it  was  not  worked  out  by  him  and  remained  a  mere  suggestion.  In  one  place  also 
Focke  came  very  near  to  the  same  idea.     (See  Bibliography. ) 
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case  is  that  of  a  cross  between  a  rich  crimson  magenta  Chinese  prim- 
rose and  a  clear  white,  giving  a  flower  of  a  color  appropriately 
described  as  a  '^  washy"  magenta. 

(3)  The  crossbred  may  present  some  fonii  quite  different  from  that  of 
either  pure  parent.  Though,  as  has  been  stated,  nothing  can  be  pre- 
dicted of  an  unknown  case,  we  already  know  a  considei'able  number 
of  examples  of  this  nature  in  which  the  mule  form  approaches  some- 
times with  great  accuracy  to  that  of  a  putative  ancestor,  near  or 
remote.  It  is  scarcely  possible  to  doubt  that  several — though  perhaps 
not  all — of  Darwin's  "reversions  on  crossing"  were  of  this  nature. 

Such  a  case  is  that  of  the  "wild  gray  mouse"  produced  b\"  the 
union  of  an  albino  tame  mouse  and  a  piebald  Japanese  mouse.*' 
These  "reversionary"  mice  bred  together  produce  the  parental  tame 
types,  some  other  types,  and  "reversionary"  mice  again. 

From  what  has  been  said  it  will  now  be  clear  that  the  applicability 
of  the  Mendelian  hypothesis  has,  intrinsically,  nothing  whatever  to 
do  with  the  question  of  the  inheritance  being  blended  or  alternative. 
In  fact,  as  soon  as  the  relation  of  zygote  characters  to  gamete  charac- 
ters is  appreciated,  it  is  diflacult  to  see  any  reason  for  supposing  that 
the  manifestation  of  characters  seen  in  the  zygotes  should  give  any 
indication  as  to  their  mode  of  allotment  among  the  gametes. 

On  a  previous  occasion  I  pointed  out  that  the  terms  "heredity" 
and  "inheritance"  are  founded  on  a  misapplication  of  metaphor,  and 
in  the  light  of  our  present  knowledge  it  is  becoming  clearer  that  the 
ideas  of  "transmission"  of  a  character  by  parent  to  offspring,  or  of 
there  being  any  "contribution"  made  by  an  ancestor  to  its  posterity, 
must  only  be  admitted  under  the  strictest  reserve,  and  merely  as 
descriptive  terms. 

We  are  now  presented  with  some  entirely  new  conceptions: 

(1)  The  purity  of  the  gametes  in  regard  to  certain  characters. 

i^)  The  distinction  of  all  zygotes  according  as  they  are  or  are  not 
formed  by  the  union  of  like  or  unlike  gametes.  In  the  former  case, 
apart  from  variation,  they  breed  true  when  mated  with  their  like;  in 
the  latter  case  their  offspring,  collectively,  will  be  heterogeneous. 

(3)  If  the  zygote  be  formed  by  the  union  of  dissimilar  gametes,  we 
may  meet  the  phenomenon  of  (a)  dominant  and  recessive  charac- 
ters; (5)  a  l)lend  form;  (c?)  a  form  distinct  from  either  parent,  often 
reversionarv.* 


«See  voii  (luaita,  Ber.  Naturf.  Gen.  Freiburg,  X,  1898,  and  XI,  1899,  qiiote<l  by 
Professor  Weldon  (nee  later). 

^TluH  fact  sufficiently  indicates  the  difficulties  involved  in  a  superficial  treatment 
of  the  phenomenon  of  reversion.  To  call  such  reversions  as  those  name<l  above 
"returns  to  ancestral  type"  wouM  be,  if  more  than  a  descriptive  phrase  were 
intended,  quite  misleading.  It  is  not  the  ancestral  type  that  has  come  batrk,  but 
something  else  has  come  in  its  guise,  as  the  offspring  presently  prove.  For  the  first 
time  we  thus  begin  to  get  a  rationale  of  *' reversion." 
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But  there  are  additional  and  even  more  significant  deductions  from 
ttie  facts.  We  have  seen  that  the  gametes  are  differentiated  in  respect 
of  pure  characters.  Of  these  pure  characters  there  may  conceivably 
be  an}^  number  associated  together  in  one  organism.  In  the  pea  Men- 
del detected  at  least  seven — not  all  seen  bv  him  combined  in  the  same 
plant;  but  there  is  every  likelihood  that  they  are  all  capable  of  being 
thus  combined. 

Each  such  character,  which  is  capable  of  being  dissociated  or  replaced 
by  its  contrary,  must  henceforth  be  conceived  of  as  a  distinct  unit 
character;  and  as  we  know  that  the  several  unit  characters  are  of  such 
a  nature  that  any  one  of  them  is  capable  of  independently  displacing 
or  being  displaced  by  one  or  more  alternative  characters  taken  singly, 
we  may  recognize  this  fact  by  naming  such  unit  characters  allelomorphs. 
So  far  we  know  very  little  of  any  allelomorphs  existing  otherwise 
than  as  i)airs  of  contraries,  but  this  is  probably  merel}'^  due  to  experi- 
mental limitations  and  the  rudimentary  state  of  our  knowledge. 

In  one  case  (combs  of  fowls)  we  know  three  characters — pea  comb, 
rose  comb,  and  single  comb,  of  which  pea  and  single,  or  rose  and  sin- 
gle, behave  toward  each  other  as  a  pair  of  allelomorphs,  but  of  the 
behavior  of  pea  and  rose  toward  each  other  we  know  as  yet  nothing. 

We  have  no  reason  as  yet  for  affirming  that  any  phenomenon  prop- 
erly described  as  displacement  of  one  allelomorph  by  another  occurs, 
though  the  metaphor  may  be  a  useful  one.  In  all  cases  where  domi- 
nance has  been  perceived  we  can  affirm  that  the  members  of  the 
allelomorphic  pair  stand  to  each  other  in  a  relation  the  nature  of  which 
we  are  as  yet  wholly  unable  to  apprehend  or  illustrate. 

To  the  new  conceptions  already  enumerated  we  may  therefore  add: 

(4)  Unit  characters,  of  which  some,  when  once  arisen  by  variation, 
are  alternative  to  each  other  in  the  constitution  of  the  gametes^ 
ac(*ording  to  a  definite  system. 

From  the  relations  subsisting  between  these  characters  it  follows 
that  as  each  zygotic  union  of  allelomorphs  is  resolved  on  the  formation 
of  the  gametes,  no  zygote  can  give  rise  to  gametes  collectively  repre- 
senting more  than  two  characters  allelomorphic  to  each  other,  apart 
from  new  variation. 

From  the  fact  of  the  existence  of  the  interchangeable  characters  we 
must,  for  puiposes  of  treatment  and  to  complete  the  possibilities,  nec- 
essarily form  the  conception  of  an  irresoluble  base,  though  whether 
such  a  conception  has  any  objective  realitv  we  have  no  means  as  yet  of 
determining. 

We  have  now  seen  that  when  the  varieties  A  and  B  are  crossed 
together,  the  heterozygotc  AB  produces  gametes  bearing  the  pure  A 
charactor  and  the  pure  B  character.  In  such  a  case  we  speak  of  such 
characters  as  simple  allelomoi*phs.  In  many  cases,  however,  a  more 
complex  plienomenon  happens.  The  character  brought  in  on  fertili- 
zation by  one  or  other  parent  may  be  of  such  a  nature  that  when  the 
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zygote  AB  forms  its  gametes,  these  are  not  individually  bearers  merely 
of  A  and  i?,  but  of  a  number  of  characters  themselves  again  integral, 
which  in,  say  A^  behaved  as  one  character  so  long  as  its  gametes  united 
in  fertilization  with  others  like  themselves,  but  on  cross  fertilization 
are  resolved  and  redistributed  among  the  gametes  produced  b}*  the 
cross-bred  zygote. 

In  such  a  case  we  call  the  chai'acter  A  a  compound  allelomorph,  and 
we  can  speak  of  the  integral  characters  which  constitute  it  as  hypallelo- 
morphs.  We  ought  to  write  the  heterozygotc  {AA'A',,,)  B  and  the 
gametes  produced  by  it  may  be  of  the  form  A^  A ^  A\  A'\,.,B.  Or 
the  resolution  may  be  incomplete  in  various  degrees,  as  we  already 
suspect  from  certain  instances;  in  which  case  we  ma}^  have  gametes 
A,  AA",  A"'A"'\  AA"A\,..B,  and  so  on.  Each  of  these  may  meet 
a  similar  or  a  dissimilar  gamete  in  fertilization,  forming  either  a  homo- 
zvjgote  or  a  heterozvgote  with  its  distinct  properties. 

In  the  case  of  compound  allelomorphs  we  know  as  yet  nothing  of 
the  statistical  relations  of  the  several  gametes. 

Thus  we  have  the  conception 

(5)  of  a  Compound  character,  borne  by  one  gamete,  transmitted 
entire  as  a  single  character  so  long  as  fertilization  only  occurs  l>etween 
like  gametes,  or  is,  in  other  words,  '^  symmetrical;"  but  if  fertilization 
take  place  with  a  dissimilar  gamete  (or  possibly  b}'  other  causes), 
resolved  into  integral  constituent  characters,  each  separately  trans- 
missible. 

Next,  as,  by  the  union  of  the  gametes  bearing  the  various  hypallelo- 
morphs  with  other  such  gametes,  or  with  gametes  bearing  simple 
allelomorphs,  in  fertilization,  a  number  of  new  zygotes  will  be  formed, 
such  as  may  not  have  been  seen  before  in  the  breed.  These  will  inevi- 
tably be  spoken  of  as  varieties;  and  it  is  diflScult  not  to  extend  the 
idea  of  variation  to  them.  To  distinguish  these  from  other  varia- 
tions— which  there  must  surely  be — we  may  call  them 

(6)  Analytical  variations  in  contradistinction  to 

(7)  Synthetical  variations,  occurring  not  by  the  separation  of  pre- 
existing constituent  characters,  but  by  the  addition  of  new  chara^.-iters. 

Lastly,  it  is  impossible  to  be  presented  with  the  fact  that  in  Mende- 
lian  cases  the  crossbred  produces  on  an  avei-age  equal  numbers  of 
gaihetes  of  each  kind — that  is  to  say,  a  symmetrical  result — without 
suspecting  that  this  fact  must  correspond  with.some  symmetrical  figure 
of  distribution  of  those  gametes  in  the  cell  divisions  by  which  they 
are  produced. 

At  the  present  time  these  are  the  main  conceptions — though  by  no 
means  all — arising  directly  from  Mendel's  work.  The  tii*st  six  are  all 
more  or  less  clearly  embodied  by  him,  though  not  in  every  case  devel- 
oped in  accordance  with  modern  knowledge.  The  seventh  is  not  a 
Mendelian  conception,  but  the  facts  before  us  justify  its  inclusion  in 


THE   PROBLEM8    OF   HEREDITY    AND   THEIR   SOLUTION.       577 

the  al>ove  list,  though  for  the  present  it  is  little  more  than  a  mere  sur- 
mise. 

In  Mendelian  eases  it  will  now  be  perceived  that  all  the  zygotes 
composing  the  population  consist  of  a  limited  number  of  possible 
t^'pes,  each  of  definite  constitution,  bearing  gametes  also  of  a  limited 
and  definite  number  of  types,  and  definite  constitution  in  respect  of 
preexisting  characters.  It  is  now  evident  that  in  such  cases  each  sev- 
eral progenitor  need  not  be  brought  to  account  in  reckoning  the  prob- 
able characters  of  each  descendant;  for  the  gametes  of  crossbreds  are 
dilFerentiated  at  each  successive  generation,  some  parental  (Mendelian) 
characters  being  left  out  in  the  composition  of  each  gamete  produced 
by  a  zygote  arising  by  the  union  of  bearers  of  opposite  allelomorphs. 

When  from  these  considerations  we  return  to  the  phenomena  com- 
prised in  the  law  of  ancestral  heredity',  what  certainty  have  we  that 
the  same  conceptions  are  not  applicable  there  also? 

It  has  now  been  shown  that  the  question  whether  in  the  crossbred 
Z3^gotes  in  geneml  the  characters  >)lend  or  are  nmtually  exclusive  is  an 
entirely  subordinate  one,  and  distinctions  with  regard  to  the  essential 
nature  of  hereditv  based  on  these  circumstances  become  irrelevant. 

In  the  case  of  a  population  presenting  continuous  variation  in  regard 
to,  say,  stature,  it  is  easy  to  see  how  j)urity  of  the  gametes  in  respect  of 
any  intensities  of  that  character  might  not  in  ordinary  circumstances 
be  capable  of  detection.  There  are  doubtless  more  tlian  two  pure 
gametic  forms  of  this  character,  but  there  may  t^uite  conceivably  be 
six  or  eight.  When  it  is  remembered  that  each  heterozygous  combi- 
nation of  any  two  may  have  its  own  appropriate  stature,  and  that 
such  a  characti»r  is  distinctly  dependent  on  external  conditions,  the 
men*  fact  that  the  observed  curves  of  stature  give  '' chance  distribu- 
tions" is  not  surprising  and  may  still  be  compatible  with  purity  of 
gametes  in  resi)ect  of  certain  pure  types.  In  peas  (I\  Hativuin)^  for 
example,  from  Mendel's  work  we  know  that  the  tall  forms  and  the 
extreme  dwarf  foi-ms  exhibit  gametic  purity.  I  have  seen  at  Messrs. 
Sutton's  strong  evidence  of  the  same  nature  in  the  case  of  the  tall 
sweet  pea  {Lathy  i^im  od/rratus)  and  the  dwarf  or  procumbent  "Cupid" 
form. 

But  in  the  case  of  the  sweet  pea  we  know  at  least  one  pure  form  of 
definitely  intermediate  height,  and  in  the  case  of  I\  sativum  there  are 
many.  When  the  extreme  types  breed  together  it  will  be  remembered 
the  lieterozygotc  commonly  exceeds  the  taller  in  height.  In  the  next 
generation,  since  there  is  in  the  case  of  extremes,  so  ^nucb  margin 
between  the  types  of  the  two  pure  forms,  the  return  of  the  oflfspring  to 
the  three  forms,  of  which  two  are  homozygous  and  one  heterozygous, 
is  clearly  perceptible. 

If,  however,  instead  of  pure  extreme  varieties,  we  were  to  take  a 
pair  of  varieties  differing  normally  by  onl}'^  a  foot  or  two,  we  might, 
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owing  to  the  masking  effects  of  conditions,  etc.,  have  great  diflSculty 
in  distinguishing  the  three  forms  in  the  second  generation.  There 
would,  besides,  be  twice  as  many  heterozygous  individuals  as  homo- 
zygous individuals  of  each  kind,  giving  a  symmetrical  distribution  of 
heights,  and  who  might  not — in  pre-Mendelian  days — have  accepted 
such  evidence,  made  still  less  clear  by  influence  of  conditions,  as 
proof  of  contiifuous  variation  both  of  zygotes  and  gametes? 

Suppose,  then,  that  instead  of  two  pure  types,  we  had  six  or  eight 
breeding  together,  each  pair  forming  their  own  heterozygote,  there 
would  be  a  very  remote  chance  of  such  purity  or  fixity  of  t^'pe,  whether 
of  gamete  or  zygote,  being  detected. 

Dominance,  as  we  have  seen,  is  merely  a  phenomenon  incidental  to 
specific  cases,  between  which  no  other  common  property  has  3"et  been 
perceived.  In  the  phenomena  of  blended  inheritance  we  clearly  have 
no  dominance.  In  the  cases  of  alternative  inheritance  studied  bv 
Galton  and  Pearson  there  is  evidently  no  universal  dominance.  From 
the  tables  of  Basset  hound  pedigrees  there  is  clearl}'^  no  definite  domi- 
nance of  either  of  the  coat  colors.  In  the  case  of  eye  color  the  pub- 
lished tables  do  not,  so  far  as  I  have  discovered,  furnish  the  material 
for  a  decision,  though  it  is  scarcely  possible  the  phenomenon,  even  if 
only  occasional,  could  have  been  overlooked.  We  must  take  it,  then, 
there  is  no  sensible  dominance  in  these  cases;  but  whether  there  is  or 
is  not  sensible  gametic  purity  is  an  altogether  different  question,  which, 
so  far  as  I  can  judge,  is  as  yet  untouched.  It  may  perfectly  well  1x5 
that  we  shall  ))e  compelled  to  recognize  that  in  man}^  cases  there  is  no 
such  purity,  and  that  the  characters  may  be  carried  by  the  gametes  in 
any  proportion  from  zero  to  totality,  just  as  some  substances  niaj"  Ik? 
carried  in  a  solution  in  any  proportion  from  zero  to  satui*ation  without 
discontinuous  change  of  jjroperties.  That  this  may  be  found  true  in 
some  cases  is,  on  any  hypothesis,  certain;  but  to  prove  the  fact  for  any 
given  case  will  be  an  exceedingly  difficult  operation,  and  I  scarcely 
think  it  has  been  3'et  carried  through  in  such  a  way  as  to  leave  no 
room  for  doubt. 

Conversely,  the  absolute  and  universal  purit}'  of  the  gametes  has 
certainly  not  3'ct  })een  determined  for  any  case;  not  even  in  those  ca^es 
where  it  looks  most  likely  that  such  universal  purity  exists.  Impair- 
ment of  such  purity  we  may  conceive  either  to  oc*cur  in  the  form  of 
mosaic  gametes,  or  of  gametes  with  Wended  properties.  On  analogy 
and  from  direct  evidence  we  have  every  right  to  believe  that  gametes 
of  both  these  classes  may  occur  in  rare  and  exceptional  cases,  of  ivs 
yet  unexplored  nature,**  but  such  a  phenomenon  will  not  diminish  the 
significance  of  observed  purity. 

« It  will  Ix^  understood  from  what  follows  that  the  existence  of  mosaic  zygotes  is  no 
proof  that  either  component  gamete  was  mosaic. 
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We  have  now  seen  the  essential  nature  of  the  Mendelian  principles 
and  are  able  to  appreciate  the  exact  relation  in  which  they  stand  to 
the  group  of  cases  included  in  the  law  of  ancestral  heredity.  In 
seeking  any  general  indication  as  to  the  common  properties  of  the 
phenomena  which  are  already  known  to  obey  Mendelian  principles  we 
can  as  yet  point  to  none,  and  whether  some  such  common  features 
exist  or  not  is  unknown. 

There  is,  however,  one  group  of  cases,  definite  though  as  3xt  not 
numerous,  where  we  know  that  the  Mendelian  principles  do  not  apply. 
These  are  the  phenomena  upon  which  Mendel  touches  in  his  brief 
paper  on  Hieracium.  As  he  there  states,  the  hybrids,  if  they  are  fertile 
at  all,  produce  offspring  like  themselves,  not.  like  their  parents.  In 
further  illustration  of  this  phenomenon  he  cites  Wichura's  Salix  hybrids. 
Perhaps  some  dozen  other  such  illustrations  could  be  given  which  rest 
on  good  evidence.  To  these  cases  the  Mendelian  principle  will  in 
no  wise  apply,  nor  is  it  easy  to  conceive  any  modification  of  the  law 
of  ancestral  heredity  which  can  express  them.  There  the  matter  at 
present  rests.  Among  these  cases,,  however,  we  perceive  several  more 
or  less  common  features.  They  are  often,  though  not  always,  hybrids 
between  forms  differing  in  many  characters.  The  first  cross  fre- 
quently is  not  the  exact  intermediate  between  the  two  parental  types, 
but  may,  as  in  the  few  Hiei'acium  cases,  Ijc  irregular  in  this  respect. 
There  is  often  some  degree  of  sterilit}\  In  the  absence  of  fuller  and 
statistical  knowledge  of  such  cases  further  discussion  is  impossible. 

Another  class  of  cases,  untouched  by  any  hypothesis  of  heredity  yet 
propounded,  is  that  of  the  false  h3'brids  of  Millardet,  where  we  have 
fertilization  without  transmission  of  one  or  several  parental  characters. 
In  these  not  only  does  the  first  cross  show,  in  some  respect,  the  char- 
acter or  characters  of  one  parent  only,  but  in  its  posterity  no  reap- 
pearance of  the  lost  character  or  characters  is  obsen^ed.  The  nature 
of  such  cases  is  still  quite  obscure,  but  we  have  to  suppose  that  the 
allelomorph  of  one  gamete  only  develops  after  fertilization  to  the  exclu- 
sion of  the  corresponding  allelomorph  of  the  other  gamete,  much — if 
the  crudity  of  the  comparison  may  be  pardoned — as  occurs  on  the 
female  side  in  parthenogenesis  without  fertilization  at  all. 

To  these  as  yet  altogether  unconformable  cases  we  can  scarcely 
doubt  that  further  experiment '  will  add  many  more.  Indeed,  we 
already  have  tolerably  clear  evidence  that  many  phenomena  of  inherit- 
ance are  of  a  much  higher  order  of  complexity.  When  the  paper  on 
Pisuni  was  written  Mendel  apparently  inclined  to  the  view  that  with 
modifications  his  law  might  be  found  to  include  all  the  phenomena  of 
hybridization,  but  in  the  brief  subsequent  paper  on  Hieracium  he 
clearly  recognized  the  existence  of  cases  of  a  different  nature.  Those 
who  read  that  contribution  will  l>e  interested  to  see  that  he  lays  down 
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a  principle  which  may  be  extended  from  hybridization  to  heredity  in 
general,  that  the  laws  of  each  new  case  must  be  determined  by  .separate 
experiment. 

As  regards  the  Mendel  ian  principles,  which  it  is  the  chief  aim  of 
this  introduction  to  present  clearly  before  the  reader,  a  professed 
student  of  variation  will  easily  be  able  to  fill  in  the  outline  now  indi- 
cated, and  to  illustrate  the  various  conceptions  from  phenomena 
already  familiar.  To  do  this  is  beyond  the  scope  of  this  short  sketch, 
but  enough  perhaps  has  now  been  said  to  show  that  by  the  applica- 
tion of  those  principles  we  are  enabled  to  reach  and  deal  in  a  compre- 
hensive manner  with  phenomena  of  a  fundamental  nature,  lying  at  the 
very  root  of  all  conceptions  not  merely  of  the  physiology  of  reproduc- 
tion and  heredity,  but  even  of  the  essential  nature  of  living  organisms; 
and  I  think  that  I  used  no  extravagant  words  when,  in  introducing 
Mendel's  work  to  the  notice  of  readers  of  the  Royal  Horticultural 
Society's  Journal,  I  ventured  to  declare  that  his  experiments  are 
worthy  to  rank  with  those  which  laid  the  foundation  of  the  atomic 
laws  of  chemistry. 


THE  MORPHOLOGICAL  METHOD  AND  RECENT  PROGRESS 

IN  ZOOLOGY." 


By  Prof.  G.  B.  Howes,  D.  So.,  LL.  D.,  F.  R.  S. 


It  is  now  twenty-eight  years  since  this  association  last  assembled  in 
Belfast,  and  to  those  present  who  can  recall  the  meeting,  the  proceed- 
ings of  Section  D  will  be  best  remembered  for  the  delivery  of  an 
address  by  Huxley  '^  On  the  hypothesis  that  animals  are  automata, 
and  its  history,"  one  of  the  finest  philosophic  products  of  his  mind. 
At  that  date  the  zoological  world  was  about  to  embark  on  a  period  of 
marked  activity.  Fired  by  the  influence  of  the  "Origin  of  Species," 
which  had  survived  abuse  and  was  taking  immediate  effect,  the 
zoological  mind,  accepting  the  doctrine  of  evolution,  had  become 
eager  to  determine  the  lines  of  descent  of  animal  forms.  Marine 
observatories  were  in  their  infancy;  the  CJiallengcr  vf^i*'  still  at  sea; 
the  study  of  comparative  embryology  was  but  then  becoming  a  science; 
and  when,  reflecting  on  this,  we  briefly  8ur\'ey  the  present  field,  we 
can  but  stand  astonished  at  the  enormity  of  the  task  which  has  been 
achieved. 

Development  has  proceeded  on  every  hand.  The  leavening  influ- 
ence, spreading  with  sure  eflfect,  has  in  due  course  extended  to  the 
antipodes  and  the  East,  in  each  of  which  portions  of  the  globe  there 
have  now  arisen  a  band  of  earnest  workers  pledged  to  the  investiga- 
tion of  their  indigenous  fauna,  with  which  the}'^  are  proceeding  with 
might  and  main.  Of  the  Japanese,  let  it  be  said  that  not  only  have 
they  filled  in  gaps  in  our  growing  knowledge,  for  which  they  alone 
have  the  materials  at  hand,  but  that,  with  an  acumen  deserving  the 
highest  pi-aise,  the^'  have  put  us  right  on  first  principles.  I  refer  to 
the  fact  that  the}'  have  shown,  with  respect  to  the  embryonic  mem- 
branes of  the  common  chick,  that  we  in  the  West,  with  our  historic 
associations,  our  methods,  and  our  skill,  contenting  ourselves  with 
an  ever-recurring  restriction  to  the  germinal  area,  have,  by  an  error 
of  orientation,  missed  an  all-important  septum,  displaced  under  an 
inequality  of  growth. 


a  AddreflB  to  Zoological  Section  of  the  British  AsHociatioii  for  the  Advancement  of 
Science,  by  Professor  Howes,  president  of  the  j«e<'tion,  at  Betfa«(t,  1902.  Reprinted 
from  Report  of  the  British  AssfM'iation,  pp.  61H-^35. 
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Those  of  us  who  have  lived  and  worked  throughout  this  memorable 
period  have  had  a  unique  experience,  for  never  has  there  been  proj^- 
ress  so  rapid^  accumulation  of  observations  so  extensive  and  exat*t. 
Of  the  38(),000  living  animal  species,  to  compute  the  estimate  low, 
every  one  available  has  been  lain  under  hand,  with  the  result  that  our 
annual  literary  output  now  amounts  to  close  upon  10,000  contributions, 
the  description  of  new  genera  and  subgenera,  sa}'  1,700.  More  than 
one-half  of  this  vast  series  refer  to  the  Insecta  alone;  but  notwith- 
standing this,  the  records  of  facts  of  structure  and  development,  with 
which  most  of  us  are  concerned,  now  amount  to  a  formidable  mass, 
calculated  to  awe  the  unlettered  looker-on,  to  overwhelm  the  earnest 
devotee,  unless  by  specializing  he  can  secure  relief.  As  an  example 
of  what  may  occur,  it  may  be  remarked  that  a  recent  exploration  of 
the  great  African  lakes  has  resulted  in  the  discovery  of  over  130  new 
species. 

As  to  the  nature  of  this  unprecedented  progress,  it  will  suffice  to 
consider  the  Earthworms.  In  1874  few  were  known  to  us.  An  ad- 
vance in  our  knowledge,  which  had  then  commenced,  liad  made  known 
but  few  more  which  seemed  likely  to  yield  result.  Darwin\s  book 
upon  them  had  not  appeared.  Some  were  exotic,  it  is  true,  but  no 
one  suspected  that  a  group  so  restricted  in  their  habits  could  reveal 
aught  beyond  a  dull  monotony  of  form  and  structure.  Never  was 
surmise  more  wide  of  the  mark,  for  the  combined  investigations  of  a 
score  of  earnest  workers  in  all  parts  of  the  world  have  in  the  interval 
recorded  some  700  odd  species  of  about  140  genera.  Mainly  exotic, 
they  exhibit  among  themselves  a  structural  variation  of  the  widest 
possible  range.  Not  only  do  we  recognize  littoral  and  branchiate 
forms,  but  otliers  achtetous  and  leech-like  in  habit,  to  the  extent  of 
the  discovery  of  a  moi*phological  overlap  with  the  leeches,  under 
which  we  are  now  compelled  to  remove  them  from  their  old  associa- 
tion with  the  flat  worms,  and  to  unite  them  with  the  earthworms. 
And  we  even  find  these  animals,  as  represented  b}'  the  Aeanthodrilidiv^ 
coming  prominently  into  considerations  which  involve  the  theory  of  a 
former  antarctic  continent,  one  of  the  most  revolutionary  zoo-geogra- 
phical topics  of  our  time. 

This  case  of  the  earthworm  may  be  taken  as  typical  of  the  rest,  since 
for  each  and  every  class  and  order  of  animal  forms  the  progress  of  the 
period  through  which  we  have  passed  since  last  we  assembled  here  has 
produced  revolutionary  results.  Our  knowledge  of  facts  has  liecome 
materially  enhanced;  our  classifications,  at  best  but  the  working  ex- 
pression of  our  ideas,  have  l)een  to  a  large  extent  replaced  in  clearer, 
more  comprehensive,  schemes;  and  we  are  to-day  enabled  to  deduce, 
with  an  accuracy  proportionate  to  our  increased  knowledge  of  faot^ 
the  nature  of  the  interrelationships  of  the  living  forms  which  with 
ourselves  inhabit  the  earth. 
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Satisfactory  as  is  this  result,  it  must  be  clearly  born  in  mind  that  its 
realization  could  not  have  come  about  but  for  a  knowledge  of  the 
animals  of  the  past.  And  turning  now  to  paleontology,  it  may  be  said 
that  at  the  time  of  our  last  meeting  in  this  city  the  scientific  world 
was  just  becoming  entranced  by  the  promise  of  unexpected  results  in 
the  exploration  of  the  American  Tertiary  beds,  then  being  first  opened 
up.  The  Rocky  Mountain  district  was  the  area  under  investigation, 
and  with  this,  as  with  the  progress  in  our  knowledge  of  recent  forms, 
no  one  living  was  prepared  for  the  discoveries  which  shortly  came  to 
pass.  To  consider  a  concrete  case,  we  may  premise  that  stud}-  of  the 
placental  mammals  had  justified  the  conclusion  that  their  ancestors 
must  have  had  equal  and  pentadactyle  limbs,  a  complete  ulna  and 
fibula,  a  complete  clavicle,  and  a  skull  with  44  teeth — must  have 
realized,  that  is,  the  predominant  term  of  the  living  insectivora 
as  generalh'  understood.  Who  among  the  zoologists  of  our  time  does 
not  recall  with  enthusiasm  the  revelation  which  arose  from  the  dis- 
covery, during  these  early  days,  in  the  Eocene  of  central  North 
America,  of  the  genera  at  first  described  as  tj)-  and  ILloliynH?  The 
evidence  of  the  existence,  in  the  locality  named,  of  these  44-to()thed 
peccaries,  as  the\"  were  held  to  be,  rendered  clearer  the  records 
of  the  later  Tertiary  deposits  of  the  Old  World,  which  were  those  of 
hogs,  and,  in  correlation  with  the  facts  then  known,  suggested  that 
the  Rocky  Mountain  area  was  the  home  of  the  ancestml  |x>rcine  stock, 
and  that  in  early  Tertiary  times  their  descendants  must  have  migrated, 
on  the  one  hand,  across  the  northern  belt,  of  which  the  Aleutian 
Islands  now  mark  the  course,  into  the  Old  World,  to  beget,  by  compli- 
cation of  their  teeth,  the  pigs  and  hogs;  and  on  the  other  into  central 
South  America,  to  give  rise,  by  numerical  reduction  of  teeth  and  toes, 
to  the  peccaries,  still  extant. 

Migration  in  opposite  directions  with  diversity  of  modification  was 
the  refrain  of  this  remarkable  find,  far-reaching  in  its  morphological 
and  zoo-geographical  effects.  Nor  can  we  allude  with  less  fervor  to 
the  still  more  striking  case  of  the  horses,  which  proved  not  merely  a 
similar,  though  perhaps  a  later,  migration,  ])ut  a  parallelism  of  modi- 
fication in  both  the  Old  and  New  worlds,  (Eliminating  in  the  latter  in 
extinction,  whereb}'  it  became  necessary,  on  the  advent  of  civilized 
man,  to  carrv  back  the  Old  World  horse  to  its  ancestral  American 
home.  No  wonder  that  this  should  have  provoked  our  Huxley  to  the 
remark  that  in  it  we  have  the  '*  demonstrative  evidence  of  the  occur- 
rence of  evolution,"  and  that  the  facts  of  paleontology  came  to  be 
regarded  as  certainly  not  second  to  those  of  the  fascinating  but  seduc- 
tive department  of  embryology,  at  the  time  making  giant  strides. 

I  have  endeavored  thus  to  picture  that  state  of  zoological  science  at 
the  time  of  our  last  meeting  here,  and  1  wish  now  to  confine  myself  to 
some  of  the  broader  results  since  achieved  on  the  morphological  side. 
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But  lot  US  first  digress,  in  order  U)  he  chnir  tis  to  the  meaning  of  this 
phrase. 

We  do  not  expect  the  public  to  be  accui*ate  in  their  usage  of  scien- 
tific terms;  but  it  is  to  me  an  astounding  fact  that  among  trained 
scientific  experts,  devotees  to  branches  of  science  other  than  our  own, 
there  exists  a  gross  misundersttinding  as  to  the  limitations  of  our 
departments.  I  quote  from  an  oflicial  report  in  alluding  to  '"com- 
parative anatomists,  or  biologists,  as  they  call  themselves,"'  and  I  ]>ut 
cite  the  words  of  an  eminent  scientific  friend  in  referring  to  biology 
and  botany  as  coequal.  In  endeavoring  to  get  rid  of  this  prevailing 
error,  let  it  be  once  more  said  that  the  term  ''biology  "  was  introduced 
at  the  beginning  of  the  nineteenth  century  by  Treviranus  and  Lamarck, 
and  that  in  its  usage  it  has  come  to  signify  two  totally  distinct  things 
as  employed  by  our  continental  contemporari(\s  and  ourselves.  By 
"biologic"  they  understand  the  study  of  the  organism  in  relation  to 
its  environment.  We,  following  Iluxley,  include  in  our  term  biology 
the  study  of  all  phenomena  manifested  I)}'  living  matter;  botiiny  and 
zoology;  and  by  morphology  we  zoologists  mean  the  study  of  struc- 
ture in  all  its  forms,  of  anatomy,  histology,  and  development,  with 
paleontology — of  all,  that  is,  which  can  be  preferably  studied  in  the 
dead  state — as  distinct  from  physiology,  the  study  of  the  living  in  action. 
Comparative  morphology,  the  study  of  likeness  and  unlikeness,  is  the 
basis  of  our  working  classifications,  and  it  is  to  the  consideration  of 
the  morphological  method  and  the  more  salient  of  its  recent  results  that 
1  would  now  proceed,  in  so  far  as  it  may  be  said  to  have  marked  prog- 
ress and  given  precision  to  our  ideas  within  the  last  eight  and  twenty 
years.  I  would  deal  in  the  main  with  facts,  with  theories  only  where 
self-evident,  ignoring  that  type  of  generalization  to  which  the  exclu- 
sive study  of  embryology  has  lent  itself,  which  characterizes,  but  does 
not  grace,  a  vast  portion  of  our  recent  zoological  litei'ature. 

To  the  earnest  student  of  zoology  intent  on  current  advance,  the 
mental  image  of  the  interrelationships  of  the  greater  groups  of  animal 
forms  is  ever  changing — kaleidoscopical ly  it  may  be — but  with  dimin- 
ishing effect  in  propoilion  as  our  knowledge  becomes  the  moi'e  precise. 

Returning  now  to  American  paleontology',  we  may  at  once  continue 
our  theme.  In  this  vast  field  expedition  after  exj)cdition  has  returned 
with  material  rich  and  plentiful.  And  while  by  study  of  it  our  knowl- 
edge of  every  living  manmialian  order,  to  say  the  least,  hns  l>een 
extended,  and  in  some  cases  revolutionized,  we  have  come  to  regard 
the  early  Tertiary  period  as  the  heyday  of  the  mammals  in  the  sense 
that  the  present  e})och  is  that  of  the  smaller  birds.  No  wond(*r,  then, 
that  there  should  have  been  discovered  group  after  group  which  has 
become  extinct,  or  evidence  that  in  matters  such  jis  tooth  structure 
there  is  reason  to  believe  that  types  idiMitical  with  those  of  to-day 
have  been  previously  evolved,  ))ut  to  disappear.     To  contemplate  the 
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discovory  of  the  Tibinothoria,  tho  Amblyopoda,  the  Dinocerata,  with 
their  strange  diminutive  brain,  chief  among  the  heavier  ungulate  forms, 
is  to  consider  the  Mammalia  anew;  and  when  it  is  found  that  among 
late  discoveries  we  have  (1)  that  of  a  series  of  Rhinoceratoidea,  which, 
though  not  yet  known  to  extend  so  far  back  in  time  as  the  primitive 
tapirs  and  liorses,  are  complete  as  far  as  they  go;  (2)  that  among  the 
Ruminants  we  have,  in  the  Oreodontida;  of  the  American  Ek)cene, 
primitive  forms  with  a  dentition  of  44  teeth,  an  absence  of  diastemata, 
a  pentadactyle  man  us,  a  tetradactyle  pes  with  traces  of  a  hallux,  and, 
as  would  appear  from  an  example  of  Jlesoreodmi  ^  a  bony  clavicle,  such 
as  is  unknown  in  anv  later  ungulate,  we  are  aroused  to  a  pitch  of  eager 
enthusiasm  as  to  the  outcome  of  labors  now  in  hand;  for  as  I  write 
there  reaches  me  a  letter  to  the  effect  that  for  most  of  the  great  ver- 
tebi-ate  groups,  and  not  the  mammals  alone,  collections  are  still  coming 
in,  each  more  wonderful  than  the  last. 

In  the  extension  of  our  knowledge  of  the  Anc^^lopoda,  an  order  of 
mammals  named  after  the  Ancylotherlum  of  Pikermi  and  Samos,  which 
occur  in  the  early  Tertiary  deposits  of  Europe,  Asia,  North  America, 
and  abundantly  in  Patagonia,  we  have  been  made  aware  of  the  exist- 
ence of  geneni  whose  salient  structural  features  combine  the  dentition 
of  an  ungulate  with  the  possession  of  pointed  claws,  believed  to  have 
})een  retractile,  like  those  of  the  living  c^ts.  Conversely  to  these 
unguiculate  herbivores,  which  include  genera  with  limbs  on  both  the 
artio-  and  perisso-dactyle  lines,  there  have  been  found  among  the 
so-called  Mesonychidte  undoubted  primitive  carnivores,  indications  of 
a  type  of  terminal  phalanx  seal  like  and  approximately  non unguiculate; 
from  all  of  which  it  is  clear  that  we  have  in  the  rocks  the  remains 
of  forms  extinct  which  transpose  the  correlations  of  tooth  and  claw 
deducible  from  the  living  orders  alone.  Further  among  the  primitive 
pentadactyle  Carnivora  we  meet,  in  the  genus  Patrhfelh^  with  a 
reduction  of  the  lower  incisors  to  two,  and  characters  of  the  fore  limb 
which,  with  this,  suggest  the  seals.  It  is,  however,  probable  that 
these  characters  are  in  no  way  indicative  of  direct  genetic  relationship 
between  the  two,  for  inasmuch  as  these  animals  were  a^^customed  to 
seek  their  food  in  the  water  of  the  lake  by  which  they  dwelt,  their  seal- 
like characters  may  be  but  the  expression  of  adaptation  to  a  partially 
aquatic  mode  of  life  of  parallelism  of  modification  w^ith  the  seals,  and 
nothing  more. 

Early  in  the  history  of  their  inquiry  our  American  confreres  I'ecorded 
from  the  Pliocene  the  discovery  of  camel-like  forms  possessed  of  a  full 
upper  incisor  dentition — for  example,  the  genera  Protolahw  and  Ithy- 
(jranimodon — and  now  they  have  arrived  at  the  conclusion  that  while 
the  camels  are  of  American  origin  one  of  their  most  characteristic 
ruminants,  the  Prongbuck  {AntJhfcapra)^  would  conversely  appear  to 
he  the  descendant  of  an  ancestor  {BlaHfonnTi/x)  that  migrated  from  the 
Old  World. 
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SuflScient  this  concerning  the  work  in  mammalogy  of  the  American 
paleontologists.  While  we  return  them  our  devout  and  learned  admi- 
ration, we  would  point  out  that  the  brilliance  of  their  discoveries  has 
but  beclouded  the  recognition  of  equall}"  important  investigations 
going  on  elsewhere.  In  Argentina  there  have  proceeded,  side  by  side 
with  the  North  American  explorations,  researches  into  the  Pleistocene 
or  Pampa  fauna,  which  in  result  are  not  one  whit  behind,  as  has  l)een 
proved  by  the  recognition  of  a  whole  order  of  primitive  ungulates, 
the  Toxodontia,  by  that  of  toothed  cetaceans  with  elongated  nasals,  as 
in  the  genera  ProsquaiodAm  and  Argyrocehis,  and  of  sperm  whales  with 
functional  premaxillary  teeth,  viz,  PhysocUm  and  IlypffceUt^^  to  say 
nothing  of  giant  armadillos  and  pigmy  glyptodons. 

It  will  be  remembered  by  some  present  that  from  Patagonian  deposits 
of  supposed  Cretaceous  age  there  was  exhibited  at  our  Dover  meeting 
the  skull  of  a  horned  chelonian  Memlania^  w^hich  animal,  we  were 
informed,  is  barely  distinguishable  from  the  species  originally  dis- 
covered in  Cooks  Island,  one  of  the  Society  group,  and  which,  l)eing 
a  marsh  turtle  highly  specialized,  would  seem  in  all  prol>ability  to 
furnish  a  forcible  defense  for  the  theory  of  the  Antarctic  continent 
But  more  than  this  the  results  of  renewed  investigation  of  the  Argen- 
tine beds  by  the  members  of  the  Princeton  University  of  North 
America  have  recently  resulted  in  collections  which,  we  are  infonned, 
seem  likely  to  surpass  all  precedent  in  their  bearings  upon  our  current 
ideas,  not  the  least  remarkable  preliminary  announcement  l)eing  the 
statement  that  there  occurs  fossil  a  mole  indistinguishable,  so  far  as  is 
known,  from  the  golden  mole  {ChryHochlorw)  of  South  Africa. 

Before  I  dismiss  this  fascinating  subject  let  me  disarm  the  notion, 
which  may  have  arisen,  that  the  paleontological  work  of  the  Old 
World  is  done.  Far  from  iti  Even  our  American  cousins  have  to 
come  to  us  for  important  fossil  forms  as,  for  example,  the  genus 
Pliohyrax  of  Samos  and  the  Egyptian  desert,  while  among  the  rodents 
and  smaller  carnivores  there  are  large  collections  in  our  national 
museum  waiting  to  be  worked  over  afresh. 

If  one  part  of  the  globe  more  than  another  is  just  now  the  center  of 
interest  concerning  its  vertebrate  remains,  it  is  the  Egyptian  desert 
Here  there  have  recently  been  found  the  bones  of  a  huge  cet^icean 
associated,  as  in  South  America,  with  those  of  a  giant  snake,  one  of 
the  longest  known,  since  it  nuist  have  reached  a  length  of  30  feet. 
There  also  occur  the  remains  of  other  snakes,  of  chelonians  of  remark- 
able adaptive  type,  of  crocodilians,  fishes,  and  other  animals.  Intei'est 
however,  is  greatest  concerning  the  Mammalia,  which  for  novelty  are 
quite  up  to  the  American  standard,  as  with  an  upper  and  a  lower  jaw 
of  an  anomalous  creature,  concerning  which  we  can  only  at  present 
remark  that  it  may  be  a  marsupial,  or  more  prolmbly  a  carnivore, 
vhich  has  taken  on  the  rodent  type  in  a  manner  peculiarly  its  owti. 
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Important  be^^ond  this,  however,  are  a  series  of  Eocene  forms  which 
more  than  fill  a  long-standing  gap,  viz,  that  of  the  ancestors  of  the 
elephants  and  mastodons,  which  hitherto  stopped  short  in  the  Middle 
Miocene  of  both  Old  and  New  Worlds.  As  represented  by  the  genus 
Mseritherlmn^  they  have  three  incisors  above  and  two  below,  of  whiclj 
the  second  is  in  each  case  converted  into  a  short  but  massive  tusk. 
An  upper  canine  is  present,  and  in  both  upper  and  lower  jaws  a  series 
of  six  cheek  teeth,  distinct  and  bunodont  in  type.  In  the  allied  Bary- 
theriuvi^  of  which  a  large  part  of  the  skeleton  is  known,  the  upper 
incisors  were  presumably  reduced  to  two,  the  tusks  enlarged,  with 
resemblances  in  detail  to  the  Dinoceratan  type. 

So  far  as  these  remains  are  known,  they  appear  to  pi*esent  in  their 
combined  characters  all  that  the  most  ardent  evolutionist  could  desire. 
There  are  with  them  Mastodons,  which  simplify  our  knowledge  of  this 
group,  and  among  the  last-discovered  remains  Sirenians,  which,  in 
presenting  a  certain  similarity  to  the  afore-mentioned  Moeritherium, 
strengthen  the  belief  in  the  proboscidian  relationships  of  these  aquatic 
forms.  Finally,  and  perhups  most  noticeable  of  all,  there  is  the  genus 
Arsinoitherium^  a  heavy  brute  with  an  olfactory  vacuity  which  out- 
rivals that  of  Grypotli^rmm  itself,  and  is  surmounted  by  a  monstrous 
fron to-nasal  horn,  swollen  and  bifid,  for  which  the  most  formidable 
among  the  Titanotheres  might  yearn  in  vain.  There  is  an  occiput  to 
match!  The  suggestion  that  this  extraordinary  beast  has  relationships 
with  the  Rhinoceridse  is  absurd,  since  its  tooth  pattern  alone  inverts 
the  order  of  this  type.  That  it  is  proboscidian  may  be  nearer  the 
mark,  and  if  so  it  shows  once  more  how  subtle  were  the  mammals  of 
the  past.  Great  as  is  this  result  much  remains  to  be  done  or  done 
again,  if  only  from  the  fact  that  in  seeking  to  detemiine  homologies 
our  American  brethren,  in  the  opinion  of  some  of  us,  have  placed  too 
much  reliance  on  a  so-called  tritubercular  theory  of  tooth  genesis,  of 
which  we  can  not  admit  the  proof.  How,  we  would  ask,  is  it  conceiv- 
able that  a  transversely  ri4ged  molar  of  the  Dlprotodon  type  can  be 
of  tritubercular  origin  ? 

Sufficient  for  the  moment  of  paleontological  advance,  except  to 
remark  that  the  zoologist  who  neglects  this  branch  of  morphology 
misses  the  one  leavening  influence;  neglects  the  court  on  whose  ruling 
arguments  deduced  from  embryological  data  alone  must  either  stand 
or  fall.  We  may  form  our  own  conclusions  from  facts  of  the  order 
before  us,  but  it  is  when  we  find  their  influence  on  the  master  mind 
prompting  to  action,  like  that  of  Huxley  with  his  mighty  memoir  of 
1880,  in  which  he  revised  our  subclass  terms,  that  we  appreciate  them 
to  the  full. 

With  this  consideration  we  pass  to  the  living  forms,  and  I  have  only 
time  in  dealing  with  these  to  comment  on  advance  which  aflfects  our 
broadest  conceptions  and  classifications  of  the  pa;^t. 
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To  commence  with  the  Mammalia,  we  now  know  that  the  mammary 
gland  when  first  it  appears  is  in  all  forms  tubular,  and  that  this  type 
is  no  longer  distinctive  of  the  Monotremata  alone.  We  know,  too, 
that  the  intranarial  position  of  the  epiglottis  when  at  rest,  long  known 
for  certain  forms,  is  a  distinction  of  the  class.  It  explains  the  pres- 
ence of  the  velum  palatinum  by  its  association  with  the  glottis  for  the 
restriction  of  the  respiratory  passage,  the  connection  being  lost  in 
man  alone  under  specialization  of  the  organ  of  the  voice. 

Similarly  the  doubly  ossified  condition  of  the  coracoid  may  now  be 
held  diagnostic,  for  it  is  known  that  the  epicoracoidal  element,  origi- 
nally thought  to  characterize  the  monotremes  alone,  is  always  present, 
and  that  reduction  to  a  varying  degi*ee  characterizes  the  metacoracoid, 
which  retires,  as  in  man,  as  the  so-called  coracoid  epiphysis. 

Our  conceptions  of  the  interrelationships  of  the  Marsupialia  and 
Placentalia  have,  during  the  period  we  are  considering,  been  delimited 
beyond  expectation  by  the  discovery  of  an  allantoic  placenta  in  a  poly- 
protodont  marsupial  in  place  of  the  vitelline,  present  in  its  allies. 
When  it  is  remembered  that  in  the  formation  of  the  placenta  of  the 
rabbit  and  a  bat  there  is  realized  a  provisional  vitelline  stage,  it  is 
tempting  to  suggest  that  the  evidence  for  the  direct  relationship  of 
the  two  mammalian  subclasses  first  named  overlaps  (there  being  a  pla- 
cental marsupial  on  one  hand,  a  marsupial  placental  on  the  other), 
much  as  we  have  come  to  regard  Archroopteryx  as  an  avian  reptile, 
the  Odontomithes  as  reptilian  birds.  These  facts,  moreover,  prove 
that  the  type  of  placenta  inherited  by  the  Placentalia  must  have  been 
discoidal,  and  that  from  that  all  others  were  derived. 

Equally  important  concerning  our  knowledge  of  the  Marsupialia  is 
the  discovery,  first  made  clear  by  Professor  Symington,  of  this  col- 
lege, that  Owen  was  correct  in  denying  them  a  corpus  callosum.  How 
Owen  arrived  at  this  conclusion  it  is  diflScult  to  conceive,  but  in  these 
later  days  the  history  of  discovery  is  largely  that  of  method,  and  it  is 
by  the  employment  of  chrome  silver,  njethylene  blue,  and  other 
reagents,  which  in  differentiating  the  fiber  tracts  enable  us  to  delimit 
their  course,  that  this  conclusion  has  l)een  proved.  By  the  corpus 
callosum  we  now  understand  a  series  of  neopallial  fibers  which  tran- 
sect the  alveus  and  are  present  onh^  in  the  Placentalia. 

There  is  no  department  of  mammalogy  in  which  recent  work  has 
been  mort^  luminous  than  this  which  concerns  the  brain,  and,  to  men- 
tion but  one  I'esult,  it  mav  be  said  that  in  the  renewed  studv  of  the 
commissuix^s  there  has  been  found  a  filx»r  tract  characteristic  of  the 
Diprotodontia  alone,  so  situated  as  to  prove  that  they  and  the  Placen- 
talia must  have  specialized  on  divei>;e  lines  from  a  pol3'^protodont 
stock.  Interesting  this  the  more,  since  the  phalangers  and  kangaroos 
are  known  to  Ik*  polyprotodont  when  young.  And  when  we  add  the 
dist*overy  that  in  the  detailed  relationship  of  its  ci>mmissures  the  brain 
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of  the  Elephant  Shrew,  a  lowl}^  insectivore,  alone  among  that  of  all 
Placentalia  known  realizes  the  marsupial  state,  as  does  its  accessory 
organ  of  smell,  we  have  to  admit  the  discovary  of  annectant  conditions 
just  where  they  should  occur. 

The  morphological  method  is  sound! 

The  master  hand  which  has  given  us  this  result  has  also  reinvesti- 
gated the  Lemurs.  From  an  exhaustive  study  of  the  brain  or  its  cast 
of  all  species  of  the  order,  living  and  extinct,  there  has  come  the 
proof  that  the  distinctive  characters  of  the  lemuroid  brain  are  intelli- 
gible only  on  a  knowledge  of  the  pithecoid  typo;  that  its  structural 
simplicity  in  the  so-called  lower  lemurs  is  due  to  retrogressive  change, 
in  some  species  proved  to  l)e  ontogenetic,  and  that  the  Tarsier,  recently 
claimed  to  be  an  insectivore,  is  a  lemur  of  lemurs.  It  is  impossible 
to  overestimate  the  importance  of  this  conclusion,  which  receives  con- 
firmation in  recent  paleontological  work;  and  there  is  demanded  a 
reinvestigation  of  those  earl}^  described  Tertiary  fossil  forms  placed 
on  the  Ungulo-lemuroid  border  line,  as  also  a  reconsideration  of  cur- 
rent views  on  the  evolution  of  the  primates  and  of  man. 

In  dismissing  the  Mammalia  we  recall  the  capture  during  the  period 
we  review  of  three  new  genera,  a  fourth,  the  so-called  Neomylodim^ 
having  proved  by  its  ski\ll  to  be  Grypotherium  durwinii^  already 
known.  The  African  Okapi,  an  object  of  sensation  beyond  its  deserts, 
has  found  its  place  at  last.  To  have  been  dubbed  a  donkey,  a  zebra, 
and  a  primitive  hornless  giraffe  is  distinction  indeed;  and  we  can  not 
refrain  from  contrasting  the  nonsensical  statement  that  its  discovery 
is  ''the  most  important  since  Archaeopteryx"  with  the  truth  that  it  is 
a  giraffine,  horned  for  both  sexes;  annectant  ])etween  two  groups  well 
known.  As  a  discovery  it  does  not  compare  with  that  of  the  Mole- 
marsupial,  and  it  falls  into  insignificance  beside  that  of  the  South 
American  diprotodont  Cwyiolestes^  the  survivor  of  a  family  which  there 
flourished  in  Middle  Tertiary  tunes. 

Passing  to  birds  and  reptiles,  it  will  be  convenient  to  consider  them 
together.  A  knowledge  of  their  anatomy  has  extended  on  all  hands, 
and  in  respect  to  nothing  more  instructivel}'^  than  their  organs  of  res- 
piration. Surprise  must  be  expressed  at  the  discovery  in  the  chelo- 
nian  of  a  mode  of  advancing  complication  of  the  lung  suggestive  of  that 
of  birds.  On  looking  into  this  1  find  that  Huxley,  who  rationalized 
our  knowledge  of  the  avian  lung  and  its  sacs,  was  aware  of  the  fact 
that  in  our  conmion  water  tortoise  {Emys  orbicularis)  the  lung  is 
sharply  differentiated  along  the  bronchial  line  into  a  postero-dorsal 
more  cellular  mass,  an  antero-ventral  more  saccular,  of  which  the 
posterior  vesicle,  in  its  extension  and  bronchial  relationships, 
strangely  simulates  the  so-called  alxlominal  sac  of  birds.  He  had 
already  instituted  comparison  with  the  crocodiles,  and  was  clearly 
coming  to  the  conclusion  that  the  arrangement  in  the  bird  is  but  the 
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result  of  extreme  specialization  of  a  type  common  to  all  Sauropsida 
with  a  "cellular"  lung.  The  respiratory  process  in  the  bird  may  be 
defined  as  transpulmonary,  and  it  is  an  interesting  coincidence  that  as 
I  write  there  comes  to  hand  a  memoir  supporting  Huxley's  conclusion 
and  establishing  the  fact  that  there  is  a  fundamental  principle  under- 
lying the  development  and  primar}'  differentiation  of  all  types  of 
vertebrate  lung. 

The  discovery  of  the  Odontornithes  in  the  American  Cretaceous  is 
so  well  known  that  it  is  but  necessary  to  remark  that  nine  genera  and 
some  twenty  species  are  recognized.  To  ArchsRopteryx  I  shall  return. 
Before  dismissing  the  Chelonia,  however,  it  must  be  pointed  out  that 
paleontology  has  definitely  clenched  their  supposed  relationship  to  the 
Plesiosaurs.  Of  all  recent  paleontological  collections  there  are  none 
which,  for  care  in  collecting  and  skill  in  mounting,  surpass  the  rep- 
tilian remains  from  the  English  Jurassic  (Oxford  clay)  now  public  in 
our  national  museum.  The  Plesiosaurs  of  this  series  must  be  seen  to 
be  appreciated,  and  nothing  short  of  a  merciful  Providence  can  have 
interposed  to  insure  the  generic  name  Cryptocleidics^  which  one  of 
them  has  received,  since  the  hiding  of  the  clavicle,  its  diagnostic  char- 
acter, is  an  accomplished  fact.  It  is  due  to  secondary  displacement 
under  the  approximation  in  the  middle  line  of  a  pair  of  proscapular 
lobes,  present  in  the  Plesiosauria  and  Chelonia  alone,  and  until  the 
advent  of  this  discovery  misinterpreted.  Taken  in  conjunction  with 
other  characters  of  little  less  importance,  conspicuously  those  of  the 
plastron  and  pelvis,  this  decides  the  question  of  affinity,  and  proves 
the  Chelonia  to  have  had  a  lowly  ancestry,  as  has  generally  been 
maintained. 

Recent  research  has  fully  recorded  the  facts  of  development  of  the 
rare  New  Zealand  reptile  Sphenodon^  and  it  has  more  than  justified 
the  conclusion  that  it  is  the  sole  survivor  of  an  originally  extensive 
and  primitive  group,  the  Rhynchocephalia,  as  now  understood.  To 
confine  our  attention  to  its  skeleton,  as  that  portion  of  its  body  which 
can  alone  be  compared  with  both  the  living  and  extinct,  it  may  be  said 
that  positive  proof  has  been  for  the  first  time  obtained  that  the  devel- 
oping vertebral  body  of  the  terrestrial  vertebrata  passes  through  a 
paired  cartilaginous  stage  and  that  in  its  details  the  later  development 
of  this  body  is  most  nearly  identical  with  that  of  the  lower  Batrachia. 
There  has  long  been  a  consensus  of  opinion  that  the  forward  exten- 
sion of  the  pterygoids  to  meet  the  vomers  in  the  middle  line,  known 
hitherto  in  this  animal  and  the  crocodiles  alone,  is  for  the  terrestrial 
vertebrata  a  primitive  character,  and  proof  of  this  has  been  obtained 
by  its  presence  in  all  the  Rhynchocephalia  known.  The  same  condi- 
tion has  also  been  found  to  exist  in  the  Plesiosaurs,  the  Ichthyosaurs, 
the  Pterodactyles,  the  Dicynodontia,  the  Dinosaurs,  and  with  modifica- 
ion  in  some  chelonians.     It  has,  moreover,  been  found  in  living  birds; 
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a  most  welcome  fact,  since  Arvh^opteryj'^  in  the  possession  of  a  plas- 
tron, carries  the  avian  type  a  stage  lower  than  the  Dinosaurs.  It  is 
pertinent  here  to  remark  that,  inasmuch  as  in  those  Dinosaurs  (e.  g., 
Comprngnathu^  in  which  the  character  of  the  hind  limbs  are  most 
nearly  avian,  the  pelvis,  in  respect  to  its  pubis,  is  at  the  antipodes  of 
that  of  all  known  birds,  and  the  fore  limb  is  shortened  in  excess  of 
that  of  Archxopteryj*  itself,  the  long  supposed  dinosaurian  ancestry 
for  birds  must  be  held  in  abeyance. 

Passing  through  the  Rhynchocephalia  to  the  Batrachia  we  have  to 
countenance  progress  most  definite  in  its  result*.  The  skull,  the  limbs 
and  their  girdles  are  chiefly  concerned,  and  this  in  a  very  remarkable 
way. 

In  the  j-ear  1881  there  was  made  known  by  Professor  Froriep,  of 
Tubingen,  the  discovery  that  the  hypoglossus  nerve  of  the  embryo 
mammal  is  possessed  of  dorsal  ganglionated  roots.  Again  and  again 
have  I  heard  Huxlev  insist  on  the  fact  that  the  ventral  roots  of  this 
nerve  are  serial  with  the  spinal  set,  but  never  did  he  suspect  the  rest. 
It  is,  however,  a  most  intensely  interesting  fact  that,  whereas  by  a 
Huxleian  triumph  the  vertebral  theory  of  the  skull  was  overthrown, 
^n  these  later  Huxleian  days  the  proof  of  the  incorporation  of  a  portion 
of  the  vertebral  region  of  the  trunk  into  the  mammalian  occiput 
should  have  marked  the  succeeding  epoch  in  advance,  The  existence 
of  twelve  pairs  of  cranial  nerves  which  all  the  Amniota  possess  in- 
volves them  in  this  change,  and  the  fact  that  in  all  Batrachia  there 
are  but  ten,  enables  us  to  draw  a  hard-and-fast  line  between  batrachian 
and  amniote  series. 

It  ma}^  be  urged  as  an  objection  that  since  we  have  long  been  famil- 
iar with  a  fusion  of  vertabrae  and  skull  in  various  piscine  forms,  the 
forre  of  this  distinction  is  weakened.  But  this  can  not  be,  since  in 
respect  to  the  investing  sheaths  and  processes  of  development  which 
lie  at  the  root  of  the  genesis  of  the  veilebral  skeleton,  the  fishes  stand 
distinct  from  the  Batrachia  and  Amniota,  which  are  agreed.  So  forci- 
ble is  this  consideration  that  it  behooves  us  to  express  it  in  words,  and 
I  have  elsewhere  proposed  to  discriminate  between  the  series  of  terres- 
trial vertebrate  as  archa?  craniate  and  svncraniate. 

Similarly,  there  is  no  proof  that  any  batrachian,  living  or  extinct 
(and  in  this  I  include  the  Stegocephala  f*s  a  whole),  possesses  a  costal 
sternum.  So  far  as  their  development  is  known,  the  cartilages  in  these 
animals  called  "sternal""  are  either  coracoidal  or  sui  generis.  The 
costal  sternum,  like  the  svncraniate  skull,  is  distinctive  of  the  Amniota 
alone.  Had  the  Stegocephala  possessed  it  even  in  cartilage,  there  is 
reason  to  think  it  might  have  been  preserved,  as  it  has  been  in  the 
collossal  Mososaur  TyJmauruH  of  the  American  Cretaceous.  When  to 
this  it  is  added  that  whereas,  in  the  presence  of  a  costal  sternum,  the 
mechanism  of  inflation  of  the  lung  involves  the  body  wall,  in  its  absence 
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it  mainly  involveH  the  mouth  (a.s  in  all  tithes  and  batrachians),  the  bard 
and  shai'p  line  between  the  Batrachia  and  Amniota  may  be  expressed 
by  the  formula  that  the  former  are  archa?craniate  and  stomatophysous, 
the  latter  syncraniate  and  somatophysous. 

There  are  allied  topics  which  might  be  considered  did  our  time  per- 
mit, but  one  certain  outcome  of  this  is  that  there  is  an  end  to  the  notion 
of  a  batrachian  ancestry  for  the  Mammalia.  And  when,  on  this  basis, 
we  sum  up  the  characters  demanded  of  the  stock  from  which  the  Mam- 
malia have  been  derived,  we  find  them  to  be  precisely  those  occurring 
outside  the  Mammalia  in  the  Anomodont  reptiles  alone.  Beyond  the 
sternum  and  skull  the  chief  characters  are  the  possession  of  short  and 
equal  pentadactyle  limbs,  with  never  more  than  three  phalanges  to 
a  digit,  a  complete  fibula  and  clavicle,  a  doubly  ossified  coracoid,  a 
heterodont  dentition — a  combination  which,  wholly  or  in  part,  we  now 
associate  with  the  Permian  genera  Procolophm^  Parmsanru^^  and 
others  which  might  be  named,  the  discovery  of  which  constitutes  one 
of  the  morphological  triumphs  of  our  time. 

Beyond  this,  it  may  be  added  concerning  the  Batrachia,  that  among 
living  pedate  forms  the  anura  have  alone  retained  the  pentadactyle 
state  and  the  complete  maxillo-jugal  arch,  and  that  the  Eastern  Tylo- 
totrit(yi\^  in  the  possession  of  the  latter,  becomes  the  least  modified 
urodele  extant.  These  facts  lead  to  the  extraordinary  conclusion  that 
the  living  Urodela,  while  of  general  lowl}"  organization,  are  one  and 
all  aberrant;  and  it  is  not  the  least  important  sequel  to  this  that,  despite 
their  total  loss  of  limbs,  the  Apoda,  in  the  retention  of  the  dermal 
armor  and  other  features  which  might  be  stated  are  the  most  primitive 
Batrachia  that  exist. 

The  batrachian  phalangeal  formula  22343  was  until  ([uite  recently 
a  difficulty  in  the  determination  of  the  precise  zoological  position  of 
the  class,  but  it  has  now  been  overcome  by  the  discovery  of  a  Kcva- 
terpeton  in  the  Irish  carboniferous  having  three  phalanges  on  the  second 
digit  of  both  fore  and  hind  limbs,  and  by  that  in  the  Permian  of  Saxony 
of  a  most  remarkable  creature,  Sclerocephalm^  which,  if  rightly 
referred  to  the  Stegocephala,  had  a  head  encased,  as  its  name  implies, 
in  an  armature  like  that  of  a  fish,  and  the  phalangeal  formula  of  a 
reptile,  23454. 

Passing  from  the  batrachia  to  the  fishes,  we  have  still  to  admit  a 
gap,  since  an  interminable  discussion  on  figures  and  fins  has  not  nar- 
rowed it  in  the  least.  In  compensation  for  this,  however,  we  have  to 
record  within  the  fish  series  itself  progress  greater,  perhaps,  than  with 
the  higher  groups.  Certainly  is  this  the  case  if,  as  to  bulk,  the  litera- 
ture in  systematic  sand  palaeontology  be  alone  taken  into  account. 

Of  the  Dipnoi  our  knowledge  is  fast  becoming  complete.  We  know 
that  Lt*pii1miren  forms  a  burrow,  and  in  consideration  of  a  former 
monstrous  proposal  to  regard  this  animal,  with  its  56  pain?  of  ribs, 
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and  Protopterus^  with  its  30  to  35,  as  varieties  of  a  species,  it  is  the 
more  interesting  to  find  that  the  Congo  has  lately  yielded  a  Protopterus 
{P.  DoUoi)  with  the  lepidosiren  rib  formula,  viz,  54  pairs. 

As  a  foremost  result  of  American  paleontological  research  we  have 
to  record  the  occurrence,  in  the  Devonian  of  Ohio,  of  a  series  of 
colossal  fishes  known  as  the  Arthrodira,  the  supposed  dipnoan  affinities 
of  which  are  still  a  matter  of  doubt. 

We  have  evidence  that  the  osseous  skeleton  in  a  plate- like  form  first 
appeared  as  a  protection  for  the  eye  of  a  primitive  shark,  and  coming 
to  recent  forms  having  special  bearings  on  the  teachings  of  the  rocks, 
we  have  to  acknowledge  the  capture  in  the  Japanese  seas  of  a  couple 
of  ancient  sharks,  of  which  one  {Cladoselachus)^  since  observed  to 
have  a  distribution  extending  to  the  far  north,  is  a  sumvor  from 
Devonian  times;  the  other  {Mit^ukurina)^  a  genus  whose  grotesque- 
ness  leaves  no  doubt  of  its  identity  with  the  Cretaceous  lamnoid 
Scapanorhynchus,  In  the  elucidation  of  the  Sturiones,  and  the  deter- 
mination of  their  affinities  with  the  ancient  Palaeoniscidse,  a  master 
stroke  has  been  achieved.  In  the  Old  Red  genus  Palsdospondyhts  we 
have  l)ecome  familiar  with  an  unmistakable  marsipobmnch,  possessing, 
as  do  certain  living  fishes,  a  notochord,  annulatcd,  but  not  veilebrated 
in  the  strict  sense  of  the  term.  The  climax  in  Ichthyopalaeontology, 
however,  has  been  reached  in  the  discovery  of  Silurian  forms,  which 
there  is  every  reason  to  believe  explain,  in  an  unexpected  way,  the 
hitherto  anomalous  Pteras-  and  Cephalaspidians,  by  involving  them 
in  a  community  of  ancestry  with  the  primitive  Elasmobranchs.  The 
genei'a  Thelodm^  Drepanaspis^  Ateleaspis^  and  Lanarkla^  chief  among 
these  annectant  and  ancestral  forms,  are  among  the  most  remarkable 
vetebrate  fossils  known. 

Passing  to  the  Recent  fishes  alone,  the  discovery  which  must  take 
precedence  is  that  of  the  mode  of  origin  of  the'skeletogenous  tissue  of 
their  vei^tebral  colmnn.  The  fishes,  unlike  all  the  higher  Vertebrata, 
have,  when  young,  a  notochord  invested  in  a  double  sheath,  there 
being  an  inner  chordal  sheath,  an  outer  cuticular,  which  latter  is  alone 
present  in  all  the  higher  groups.  The  skeletogenous  cells,  by  whose 
activity  the  cartilaginous  vertebral  skeleton  is  formed,  arise  outside 
these  sheaths;  but  whereas  when  proliferating  they  in  one  series 
remain  outside,  they  in  the  other,  by  the  rupture  of  the  cuticular 
sheath,  invade  the  chordal.  This  distinction  enables  us  to  discrimi- 
nate between  a  Chordal  series^  which  embraces  the  Chimseroids,  Elas- 
mobranchs, and  Dipnoi,  and  a  Perichordal^  consisting  of  the  Teleosts, 
Ganoids,  and  Cyclostomes. 

In  consideration  of  the  enormity  of  the  structural  gap  between  the 
Cyclostomes  and  the  higher  Vertebrata  this  is  an  exti-aordinary  result. 
For  be  it  remembered  that,  in  addition  to  their  well-known  characters. 
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the  lampreyH  and  bags  (1)  in  the  total  absence  of  paired  fins;  (2)  in  the 
presence  of  branchiae,  ordinarily  7  in  number,  14  in  BdeUostoma 
polytrema^  numerically  variable  in  individuals  of  certain  species 
between  6  and  14,  and  doubtfully  asserted  in  the  young  of  one  to  be 
originally  36;  and  (3)  in  the  carrying  up  of  their  oi'al  hypopopbysis 
by  the  nasal  organ,  whereb}"  it  perforates  the  cranium  from  above,  as 
contrasted  with  all  the  higher  Vertebrata,  in  which,  carried  in  with 
the  mouth  sac,  it  perforates  it  from  beneath,  exhibit  morphological 
characters  of  an  extraordinary  kind.  And  if  we  are  to  express  these 
characters  in  terms  we  may  distinguish  the  Cyclostomes  as  apterygial 
and  epicraniate^  the  higher  Vertebrata  as  hypocranlate,^  But  this, 
notwithstanding  the  aforementioned  subdivision  of  the  Pisces  into 
two  series,  which  would  associate  the  teleosts  and  ganoids  with  the 
cyclostomes,  as  distinct  from  the  rest,  receives  support  from  recent 
study  of  the  head-kidney  by  a  Japanese,  who  seeks  to  show  that  the 
organ  so  called  in  the  Elasmobmnchs  is  of  a  late-formed  tj'pe  peculiar 
to  itself,  and  it  is  also  in  agreement  with  one  set  of  conclusions 
previously  deduced  from  the  studj^  of  the  reproductive  organs. 

To  deal  further  with  the  fishes  is  impossible  in  this  address,  except 
to  remark  that  recent  discovery  in  the  Gambia,  that  the  young  of  the 
Teleostean  genera  Ileterotis  and  Gyrmmrchus  bear  filamentous  exter- 
nal gills,  renders  significant  beyond  expectation  the  alleged  presence 
of  these  among  the  loaches,  and  shows  that  adaptive  organs  of  this' 
type  are  valueless  as  criteria  of  affinity. 

In  paleontology,  as  in  recent  anatomj^,  our  records  of  detail  have 
increased  beyond  precedent,  often  but  to  show  how  deficient  in  knowl- 
edge we  arc,  how  contradictory  are  our  theories  and  facts. 

In  dismissing  the  fishes,  I  wish  to  comment  upon  our  accepted  terms 
of  orientation.  To  speak  of  the  median  fins  as  dorsal,  caudal,  and 
anal,  of  the  pelvic  as  ventral,  and  of  the  pectoral  in  its  varying  degrees 
of  forward  translocation  as  abdominal  or  thoracic,  though  a  conven- 
tion of  the  past,  is  to-day  inaccurate  and  absurd.  I  question  if  the 
time  has  not  come  at  which  the  terms  thoracic  (pulmocardiac)  and 
abdominal  are  intolerable,  as  expressing  either  the  subdivisions  of  the 
body  cavit}^  or  anything  else  outside  the  Mammalia,  which  alone 
possess  a  diaphragm.  Even  in  the  birds,  to  grant  the  utmost,  the 
subdivision  of  the  c(Elom,  if  accurately  described,  must  be  into  pul- 
monary, hyper-pulmonary,  and  cardio-abdominal  chambers,  while 
with  the  reptiles  the  modes  of  subdivision  are  so  complex  that  a  special 
terminology  is  necessar}'  for  each  of  the  several  types  extant. 

« It  is  an  interesting  cii^umstance,  if  their  ** ciliated  sac"  is  rightly  homologized, 
that  Amphioxtis  and  the  Tunicata  present  a  corresponding  dissimilarity,  allowance 
being  made  for  the  fact  that  in  Botryllus,  GoodsiriOy  and  Polycarpa  the  sac  overlies 
the  ganglion.  It  is  pertinent  here  to  recall  the  ammocoete-like  condition  of  the 
"endostyle"  in  OikopleuraflaheUum, 
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In  the  fishes,  where  the  pericardium  is  alone  shut  off,  the  retention 
of  the  mammalian  terms  but  hampers  progress.  This  was  indeed 
felt  by  Dum^ril  when,  in  1865,  he  attempted  a  revisionary  scheme. 
Since,  however,  one  less  fantastic  than  his  seems  desirable,  I  would 
propose  that  for  the  future  the  "anal"  fin  be  termed  ventral,  the 
'S^entral"  pelvic,  and  that  for  the  several  positions  of  the  pelvic,  that 
immediately  in  front  of  the  vent,  primitive  and  embryonic  (which  is 
the  position  for  the  Elasmobranchs,  Sturiones,  Lower  Siluroids,  and 
all  the  higher  Vertebrata),  be  termed  proctal,  the  so-called  ''abdomi- 
nal" pro-proctal,  the  so-called  "thoracic"  jugular  (in  that  it  denotes 
association  with  the  area  of  the  "collar  bone"),  and  the  so-called 
"jugular"  mental.  The  necessity  for  this  becomes  the  morcdesimble 
now  that  it  is  known  that  a  group  of  Cretaceous  fishes  (the  Ctenothris- 
sidiv^),  hitherto  regarded  as  Berycoids,  are  in  reality  of  clupcoid 
affinity,  despite  the  fact  that  at  this  early  geologic  period  they  had 
translocated  their  pelvic  fin  into  the  jugular  ("thomcic")  position. 

The  sum  of  our  knowledge  acquired  during  the  last  twent3-eight 
years  proves  to  us  that  among  the  bony  fishes  the  structural  combina- 
tion which  would  give  us  a  prcmaxillo-maxillary  gape  dentigerous 
throughout,  a  proctal  pelvic  fin,  a  heart  with  conal  valves,  would  l)o 
the  lowest  and  most  primitive.  Inasmuch  as  this  chamcter  of  the 
heart,  so  far  as  at  present  known,  exists  only  among  the  Clupesoces 
(pikes  and  herrings  and  their  immediate  allies),  these  must  Ikj  regarded 
as  lowly  forms,  wherefore  it  follows  that  the  possession  of  but  a  single 
dorsal  fin  is  not,  as  might  appear,  a  necessary  index  of  a  highly  modified 
state. 

Before  I  dismiss  the  vertebrates,  a  word  or  two  upon  a  recent  result 
of  morphological  inquiry  which  concerns  them  as  a  whole.  I  refer  to 
the  development  of  the  skull.  Up  to  1878  it  was  everywhere  thought 
and  taught  that  the  cartilaginous  skull  was  a  compound  of  paired 
elements,  known  as  the  trabecuUe  cranii  and  pamchordals,  and  that 
the  former  contributed  the  cranial  wall.  Iluxley,  in  1874,  from  the 
study  of  the  cranial  nerves  of  fishes,  had  reiterated  the  suggestion  he 
made  in  1864,  when  dealing  with  the  skull  alone,  that  the  trabeculte 
might  be  a  pair  of  prai-oral  visceral  arches,  serial  with  those  which 
support  the  mouth  and  carry  the  gills.  The  next  step  lay  with  the 
sturgeon,  in  which,  in  1878,  it  was  found  that  the  cranial  wall  is  orig- 
inally distinct.  And  later,  when  the  facts  were  more  fully  studied  in 
sliarks,  batrachians,  reptiles,  and  birds  it  became  evident  tliat  the 
ti'abeculte,  thoug^h  ultimately  associated  with  the  cranial  wall,  take  no 
share  in  its  formation,  and  that  when  first  they  appear  they  are  dis- 
posed at  right  angles  to  the  parac^hordals  and  the  axis  serially  with 
the  visceral  arches  behind.  Huxley  was  right,  and  although  this  con 
sideration  by  no  means  exhausts  the  category  of  independent  carti- 
lages now  known  to  contribute  to  the  formation  of  the  skull,  it  proves 
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that  the  cartilaginous  cranium,  like  the  bony  one  which,  in  the  higher 
vertebrate  fomis  replaces  it,  is  in  its  essence  compound. 

I  now  pass  to  the  invertebrata.  Of  the  Oligochseta  and  Leeches  I 
have  spoken,  and  we  mav  next  consider  the  Arthropods.  Of  the 
Inseeta  our  knowledge  has  gained  precision  by  the  conclusion  that 
the  primitive  number  of  their  Malpighian  tubes  is  six,  and  by  the 
study  of  development  of  these  in  the  American  cockroach  Doryphora^ 
which  has  rendered  it  probable  they  may  be  modified  nephridia,  carried 
in  as  are  those  of  some  oiigochaetes  with  the  proctodeal  invagination. 
An  apparent  cervical  placenta  has  been  discovered  in  the  orthopteran 
Ileiiihfunuf^  which  would  seem  to  suggest  homology  with  the  so-called 
''trophic  vesicle"  of  the  Peripatoids,  as  exemplified  by  P,  yovae- 
Britomilca,  In  this  same  orthopteran  there  have  been  recognized, 
in  secondary  proximity  to  the  "lingua,"  reduced  maxillulte,  which, 
fully  developed  and  interposed  between  the  mandible  and  first  maxilla, 
in  Jai/yu'^  Ma/'hilis^  Forficula^  and  the  Ephemera  larva,  give  us  a  fifth 
constituent  for  the  insectan  head.  And  when  it  is  found  that  all  the 
abdominal  segments  of  the  common  cockroach,  when  young,  are  said 
to  bear  appendages,  of  which  the  cerci  are  the  hindermost,  we  have  a 
series  of  facts  which  revolutionize  our  ideas.  Little  less  striking  is 
the  discovery  that  in  the  caterpillar  of  the  bombj^cine  genera  Lagixi 
and  Chrysojjyga  seven  pairs  of  pro-legs  occur. 

The  fuller  study  of  the  apertures  of  the  tracheate  body  has  resulted 
in  th^  discovery  that  the  Chilopoda  are  more  nearly  related  to  the 
Hexapoda  than  to  the  Diplopods;  wherefore  it  is  proposed  to  reclas- 
sify the  Tracheata,  in  accordance  with  the  position  of  the  genital 
orifice,  into  Pro-  and  OplstJw-gmiata,  In  a  word  the  "Myriapoda," 
if  a  natural  group,  are  diph3^1etic. 

Our  knowledge  of  the  Peripatoids  {Arthropoda  nialaaypoda)  has 
increased  in  all  that  concerns  distribution  and  structure.  They  are 
now  known,  for  example,  from  Africa,  the  West  Indies,  Australia, 
and  New  Zealand,  and  for  examples  from  the  two  latter  localities  and 
Tasmania  the  generic  name  Oaperipatns  has  but  lately  been  proposed, 
to  include  three  species,  characterized  by  the  possession  of  an  ovi- 
positor, of  which  two  have  been  observed  to  lay  eggs. 

Work  upon  the  Crustacea  in  our  own  land,  notorious  for  the  ten 
dencies  of  some  of  its  devotees  in  their  stickling  for  priority,  has 
within  the  last  twelve  years  advanced  beyond  all  expectation.  Much 
of  our  literature  has  been  systematized,  and  an  enormous  increase  in 
our  knowledge  of  new  forms  has  to  be  admitted,  thanks  to  memoirs 
such  as  those  of  the  "Investigator,"  "Naples  Zoological  Station,"  and 
others  which  might  be  named;  while  in  the  discovery  and  successful 
monographing,  in  the  intervals  of  six  yeai's'  labor  at  other  groups,  of 

new  family  of  minute  Copepods  (the  Choniostomatidte),  parasitic  on 

0  ]Malaeostraca,  embracing  forty-three  species,  difficult  to  find,  we 

ive  an  almost  unique  achievement.     The  hand  which  gave  us  this 
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has  also  provided  a  report  which  embraces  the  description  of  a 
nauplius  of  exceptional  type,  which,  by  a  process  of  reasoning  by 
elimination,  masterly  in  its  method,  has  been  "run  to  ground'^  as  in 
every  degree  of  probability  the  larva  of  Darwin's  apodal  barnacle 
I^otolepas  himncta^  of  which  only  the  original  specimen  is  known. 

There  is  bnt  one  other  crustacean  record  equal  in  mnk  with  this, 
viz,  the  discovery  of  the  genus  Anaspides,  Originally  obtained  from 
a  fresh-water  pool  on  Mount  Wellington,  Tasmania,  at  4,000  feet,  it 
has  since  been  found  in  two  other  localities.  It  is  unique  among  all 
living  forms,  in  combining  within  itself  characters  of  at  least  three 
distinct  suborders  of  *' prawns,"  for  with  a  schizopod  lx)dy  it  com- 
bines the  double  epipodial  lamellae  of  an  amphipod,  the  head  of  a 
decapod  (pedunculated  eyes  and  antennulary  statocy^sts)  apart  from 
characters  peculiarly  its  own.  There  is  reason  to  believe  that  the 
nearest  living  ally  to  this  remarkable  creature  is  a  small  eyeless  species 
{Jiathynella  natana)  obtained  from  a  Bohemian  well;  and  if  its  pre- 
sumed relationships  to  the  Palaeozoic  ''pod-shrimps''  be  correct,  this 
heterogeneous  assemblage  may  perhaps  1x5  the  repre^ientatives  of  a 
group  of  primitive  Malacostraca,  through  which,  b^'  structural  diverg- 
ence, the  establishment  of  the  higher  crustacean  suborders  may  have 
come  about. 

It  is  pertinent  to  this  to  note  that  work  upon  cave  dwelling  and 
terrestrial  forms,  upon  ''well  shrimps"  and  the  like,  has  produced 
important  results.  And  interesting  indeed  is  the  recent  discovery  of 
three  species,  living  at  800  to  900  feet  above  sea  level,  in  Gippi^land, 
one  an  amphipod,  two  of  them  isopods,  which,  though  surface  dwell- 
ers, are  all  blind.  While  the}'  prove  to  be  species  of  genera  normally 
eyed,  the}'  in  their  characters  agree  with  well-known  American  forms; 
and  the  bleaching  of  their  bodies  and  atroph}'  of  their  e3'es  proclaim 
them  the  descendants  of  cave-dwelling  or  subterranean  ancestors, 
among  whom  the  atrophy  took  place. 

Huxle}'  in  1H80  rationalized  our  treatment  of  the  higher  Crustacea, 
by  devising  a  classification  b}'^  gills,  expressive  of  the  relationships  of 
these  to  the  limb-bases,  interarticular  membranes,  and  l>ody  wall. 
Hardly  had  his  influence  taken  effect  when,  by  work  extending  over 
the  years  1880  to  1893,  in  the  study  of  Penanis,  the  Phylloixxls, 
Ostracods,  and  other  forais,  evidence  had  been  accumulating  to  show 
that  the  crustacean  appendage,  even  to  the  mandible  itself,  has  prima- 
rily a  basal  constituent  (protopodite)  of  three  segments;  that  the 
branchiae  one  and  all  are  originally  appendicular  in  origin;  and  that 
the  numerical  reduction  of  the  liasal  (protopoditic)  segments  to  two, 
with  the  assumption  of  a  nonappendicular  relationship  by  the  gills, 
is  due  to  coalescence  of  parts,  with  or  without  suppression.  The  evi- 
dence for  this  epoch-making  conclusion,  which  simplifies  our  concep- 
tions and  brings  contradictory  data  into  lino,  is  as  irresistible  as  it  is 
important,  and  there  has  l>een  nothing  finer  in  the  w^hole  history-  of 
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cmstacean  morphology.  With  it,  the  attempt  to  explain  the  supposed 
anomalous  characters  of  the  antennule  by  appeal  to  embryology  goes 
to  the  wall;  and,  taking  a  deep  breath,  we  view  the  Crustacea  in  a 
new  light. 

There  remains  for  brief  consideration  one  carcinological  discovery 
second  to  none  which  boar  on  the  significance  of  larval  forms.  It  is 
that  of  the  trilobite  Trlarthvfis  Bevki^  obtained  in  abundance  from 
the  Lower  Silurian  near  New  York,  with  all  its  limbs  preserved.  In 
the  simplicity  of  its  segmentation  and  the  bii'amous  condition  of  its 
limbs  it  is  primitive  to  a  degree.  Chief  among  its  chanicters  are  the 
total  absence  of  jaws  in  the  strict  sense  of  the  term,  and  the  fact  that 
of  its  three  anterior  pairs  of  appendages  the  thii'd  is  certainly  and  the 
second  is  apparently  biramous,  the  first  uniramous  and  antenniform. 
In  this  we  have  a  com])ination  of  chai'acters  known  only  in  the  nau- 
plius  larva  among  all  living  crustacean  forms;  and  the  conclusion  that 
the  adult  trilobite,  like  that  of  the  Euphausiacea,  Sergestidie  Penanda?, 
the  Ostracods,  and  Cirripedes  of  to-daj^  was  derived  by  direct  expan- 
sion of  the  nauplius  larva  can  hardly  be  dou])ted.  Much  yet  remains 
to  be  done  with  the  study  of  the  Triarthrus  lim])s;  and  the  suggestion 
of  a  foliaceous  condition  by  those  of  the  p^^gidium,  which  are  the  young- 
est, is  a  remarkable  fact,  the  meaning  of  which  the  future  must  decide. 
We  should  expect  the  condition  to  be  a  provisional  one,  since  while 
we  admit  the  primitive  nature  of  the  phyllopods  as  an  order,  we  can 
not  regard  the  foliation  of  their  appendages  as  anything  but  a  special- 
ization. Be  this  as  it  may,  the  structural  community  between  the 
nauplius  larva  and  the  trilobite  is  now  proved;  and  when  we  add  that 
in  the  yolk-bearing  higher  Crustac*ean  types  (e.  g.,  Antacu^  a  jx^Tcept- 
ible  halt  in  the  development  may  be  observed  at  the  three-limb-bearing 
stage;  that  in  MijHiH  the  vitelline  mem])rane  is  shed  but  to  make  way 
for  a  nauplius  cuticle;  and  that  the  median  nauplius  eye  has  long  been 
found  sessile  on  the  adult  bniin  of  representative  members  of  the 
higher  crustacean  groups,  up  to  the  lobsti^r  itself,  our  belief  in  the 
ancestml  significance  of  the  nauplius  larval  form  is  established  ]>eyond 
doubt. 

The  thought  of  the  nauplius  suggests  other  larval  forms.  The  gas- 
trula  is  no  longer  accepted  without  reserve;  the  claims  of  the  blastula^ 
planula,  parenchymella,  not  to  say  the  plakula,  have  all  to  be  Ixjrne 
in  mind.  It  is  of  the  Trochophore,  however,  as  familiar  as  the  nau- 
plius, that  I  would  rather  speak,  as  influenced  by  recent  research.  It 
is  supposed  to  be  primitive  for  the  molluscs  and  chaetopod  worms  at 
least;  and  various  attempts  have  been  made  to  bolster  it  up,  and  to 
show  that  if  we  allow  for  adaptive  change,  its  characters,  well  known, 
are  constant  within  the  limits  of  its  simpler  foims. 

It  is  now  more  than  forty  j^ears  ago  that  the  late  Ijacaze-Duthiers 
described  for  Dentalknn  a  larval  stage,  characterized  b}^  the  posses- 
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sion  of  recurrently  ciliated  zones,  which  by  reduction,  with  union  and 
translocation  forwards,  give  rise  to  the  trochal  lobe.  It  is  now  known 
that  in  the  American  pelecypod  Yoldia  limatula  a  similar  stage  is 
found,  in  which  a  ^^  test"  of  five  rows  of  ciliated  cells  is  present;  and 
of  the  young  of  Dondet^sia  hanyxilensis  the  like  is  true.  But  whereas 
in  the  Yoldia  the  ciliated  sac  is  ultimately  shed,  in  the  Myzoraenian 
the  escape  of  the  embryo  is  accompanied  ])y  rupture,  which  liberates 
the  anterior  series  of  ciliated  zones  in  a  manner  stronglj'^  suggestive  of 
forward  concentmtion,  leaving  the  posterior  circlet  with  its  cilia 
attached. 

This  '^test"  has  also  been  seen  in  two  species  of  Nucida^  and  pend- 
ing fuller  inquiry  into  the  Myzomenian  and  a  reinvestigation  of  Den- 
talium,  I  would  suggest  that  this  recurrently  ciliated  sac  is  represent- 
ative of  a  larval  stage  antecedent  to  the  trochophore,  for  which  the 
term  protrochal  may  suffice.  This  term  has  indeed  been  already 
applied  to  a  larva  of  certain  Polychteta,  which  might  well  represent 
a  modification  of  that  for  which  I  am  arguing;  and  quite  recently  it  . 
appears  to  have  ])een  observed  near  Ceylon  for  a  species  of  the  genus 
Mitrphysa, 

The  discovery  of  this  larva  in  Dondersla  was  accompanied  by  that 
of  a  later-formed  series  of  dorsal  spicular  plates,  which  for  once  and 
for  all,  in  realizing  a  chitonid  stage,  demolish  the  heresy  of  the 
^^  Solenogastres,"  mischievous  as  suggesting  an  affinity  with  the  worms. 
Like  that  of  the  supposed  cephalopod  affinities  of  the  so- called  "  Pter- 
opods,"  it  must  be  ignored  as  an  error  of  the  past. 

Returning  to  the  protrochal  stage,  whatever  the  future  may  reveal 
concerning  it,  b^'^bringing  together  the  Lamellibranchiata,  Scaphopoda, 
and  Polyplaeophom,  it  associates  in  one  natural  series  all  the  bilater- 
ally symmetrical  Mollusca  except  the  cephalopods.  In  doing  this,  it 
deals  the  death  blow  to  the  supposed  Rhipidoglossan  affinity  of  the 
Lamellibranchiata;  and  in  support  of  this  conclusion  I  would  point 
out  that  the  recently  discovered  eyes  of  the  mytilids  are  in  the  posi- 
tion of  those  of  the  embryo  Chiton,,  and  that  just  as  Dental  nun  ^  in  the 
formation  of  its  mantle,  passes  through  a  lamellibranchiate  stage,  so 
are  there  lamellibranchs  in  number  in  which  a  tubular  investment  is 
found. 

This  protrochal  larva  has  an  important  part  to  pla3%  It  may  very 
possibly  explain  phenomena  such  as  the  compound  nature  of  the  tro- 
chal lobe  of  the  limpet,  the  presence  of  a  post-oral  ciliated  band  in  the 
larva  of  the  shipworm,  and  of  a  prse-anal  one  in  that  of  various  mol- 
luscan  forms.  In  view  of  it,  we  must  hesitate  before  we  fully  accept 
the  belief  in  the  ancestral  significance  of  the  trochophore.  And  it  is 
certain  that  an  idea,  at  one  time  entertained,  that  the  Rotifer  {Tro- 
cJiogphcera)^  which  so  closelj'  resembles  it  as  to  bear  its  name,  is  its 
persistent  representative,  is  wrong,  since  this  is  now  known  to  be  but 
the  female  of  a  species  having  a  very  ordinary  male. 
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Through  the  Rhipidoglossa  we  pass  to  the  Gastropods,  which  are 
one  and  all  asymmetrical,  for  even  Fis^ureUa^  Patdla^  and  Dori^^ 
when  young,  develop  a  spiral  shell;  while  Huxley  in  1877  had  ohser\"ed 
that  the  shell  of  Aplysia^  in  its  asymmetry,  betrays  its  spiral  source. 

The  notion,  which  until  recently  prevailed,  that  among  these  gastro- 
pods the  nontwisted  or  so-called  euthyneurous  condition  of  the  vLsceral 
nen'c  cords,  as  exemplified  b}'  the  Opisthobi"anchs,  is  a  direct  deriva- 
tive of  that  of  the  Chitons,  has  been  proved  to  be  erroneous,  since 
the  nerves  in  Actaefm  and  Chilina^  like  those  of  the  prosobranchs,  are 
twisted  or  streptoneurous.  And  as  to  the  torsion  of  the  gastropod 
body,  recent  research,  in  which  one  of  my  pupils  has  played  a  ]>art, 
involving  the  discoveiy  of  paired  reno-pericardial  apertures  in  HaU- 
otis^  Patella^  and  TrochuH^  has  resulted  in  proof  that  the  dextral  tor- 
sion which  leads  to  the  monotocardiac  condition,  does  not  uniformly 
affect  all  organs  l3'ing  primitively  to  the  left  of  the  rectum,  as  we  have 
been  taught;  since,  concerning  the  renal  organs,  it  is  the  primitively 
(pretorsional)  left  one  which  remains  as  the  functional  kidney,  its 
ostium  as  the  genital  aperture.  Nor  is  the  primitively  right  kidney 
necessarily  lost,  for  while  its  ostium  remains  as  the  renal  orifice,  its 
body,  by  modification  and  reduction,  may  become  an  appendage  of  the 
functional  kidney,  the  so-called  nephridial  gland.  And  we  now  know 
there  are  cases  of  sinistral  torsion  of  the  visceral  hump,  in  which  the 
order  of  suppression  of  the  organs  is  not  reversed,  the  arrangement 
being  one  of  adaptation  of  a  dextral  organization  to  a  sinisti*al  shell. 

Though  thus  specialized  and  asj^mmetrical  as  a  group,  the  gastro- 
pods are  yet  plastic  to  an  unexpected  degree.  Madagascar  has  yielded 
a  Physa  {P,  Imnellata)  with  a  neomorphic  gill,  a  character  shared  b}' 
species  of  PUmarbis  (1\  corneua  and  P.  rnargmatuH)^  and  an  Aiicylm 
in  which  the  lung  sac  is  suppressed;  while  St.  Thomas  Island  has 
given  us  a  snail  {Thyrophordl^  tJioin crisis) ^  the  peristome  of  whose 
shell  is  produced  into  a  protective  lid. 

In  paleontology,  history  records  the  fact  that  in  1864  Huxley 
observed  that  the  genus  Beleninite^  appears  to  have  borne  but  six  free 
arms,  a  startling  discovery  which  lay  dormant  till  the  present  year. 
And  the  recent  study  of  the  fauna  of  the  great  African  lakes,  in  bring- 
ing to  light  the  existence  of  a  halolimnic  molluscan  series  in  Lake 
Tanganyika,  has  opened  up  new  possibilities  concerning  the  paleon- 
tological  resources  of  enormous  aqueous  deposits,  recently*  discovered 
in  the  interior,  and  has  entirel}^  changed  our  geological  conceptions  of 
the  nature  of  equatorial  Africa. 

Time  prevents  mj'^  dealing  with  other  groups,  and  it  must  suffice  to 
say  that  with  those  I  have  not  considered  substantial  work  has  been 
done.  From  what  has  been  said,  it  is  natural  to  expect  that  in  some 
direction  or  another  so  vast  an  accumulation  of  facts  must  have 
extended  the  Darwinian  teaching;  and  it  is  now  quite  clear  that  this 
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has  been  the  case  with  the  two  post-Darwinian  principles  known  as 
*' Substitution"'  and  Isomorphism  or  '*  Convergence." 

The  former  may  be  exemplified  by  nothing  better  than  the  case  of 
the  Ra^^s  and  Skates,  in  which,  under  the  usurpation  of  the  propelling 
function  of  the  tail  by  the  expanded  pectoral  fins,  the  tail,  free  to 
modify,  becomes  in  one  species  a  lengthy  whiplash;  in  another  a  ves- 
tigial stump;  in  others,  by  the  development  of  powerful  spines,  a  for- 
midable organ  of  defense.  In  both  the  Rays  and  certain  other  fishes 
subject  to  the  working  of  this  law,  modification  goes  further  still,  in 
the  appearance  of  electric  organs  in  remotely  related  genera  and 
species,  by  specialization  of  the  muscular  system  of  the  trunk  or  tail, 
or,  as  in  the  case  of  Malaptei^urus^  of  "tegumental  glands."  In  this 
we  have  a  diflSculty  admitted  by  Darwin  himself,  which  now  becomes 
clear  and  intelligible,  since  there  is  nothing  new.  There  has  simply 
come  about  the  conversion,  in  one  case  of  the  energy  of  muscular  con- 
traction, in  the  other  of  glandular  secretion,  into  that  of  electrical 
discharge,  with  accompanying  structural  change.  The  blind  locust 
{Pachi^ramina  fuseijer)  of  the  New  Zealand  limestone  caves  presents 
an  allied  case,  since  here,  under  the  reduction  of  the  eye,  the  antennae, 
elongated  to  a  remarkable  degree,  have  become  the  more  eflSciently 
tactile;  and  it  Is  an  interesting  question  whether  this  principle  may 
not  explain  the  attenuation  of  the  limbs  in  the  recently  discovered 
American  proteoid  (Typhlomol-ga  rathhunii)  of  the  Texan  subterra- 
nean waters. 

And  as  to  isomorphism,  by  which  we  mean  the  assumption  of  a 
similar  structural  state  by  members  of  diverse  or  independent  groups, 
I  would  recall  the  case  of  the  Eocene  Creodont  Patriofells  and  the 
Seals,  and  that  of  the  Myriapods  to  which  I  have  already  alluded,  and 
would  cite  that  of  the  Dinosaurs  and  Birds,  heterodox  though  it  may 
appear,  for  reasons  I  have  given. 

As  our  knowledge  increases,  there  is  every  reason  to  believe  that, 
in  the  nonappreciation  of  these  principles  in  the  past,  not  a  few  of 
our  classifications  are  wrong.  We  have  even  had  our  bogies,  as,  for 
example,  the  so-called  Physemaria,  which  deceived  the  very  elect;  and 
before  I  close  I  wish  to  deal  briefly  with  a  question  of  serious  doubt 
which  these  considerations  suggest. 

It  is  that  of  the  position  in  the  zoological  series  of  the  Limuloids, 
popularly  termed  the  King  crabs.  These  creatures,  best  known  from 
the  opposite  shores  of  the  northern  Pacific,  but  found  in  the  oriental 
seas  as  well  as  far  south  as  Torres  Strait,  have  been  since  1829  the 
subject  of  a  diflference  of  opinion  as  to  their  zoological  position  and 
affinities.  Within  the  last  twentj'  j'eai's  there  have  been  three  deter- 
mined advances  upon  them,  and  of  these  the  third  and  most  recent 
may  be  first  discussed.  It  has  for  its  object  the  attempt  to  pi-ove 
that  they  are  intimately  associated  with  the  cephalaspidian  and  other 
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Hhield- bearing  fishes  of  the  Devonian  and  Silurian  epochs,  and  that 
through  them  they  are  ancestral  to  the  Vertebrata.  The  latest  phase 
of  this  idea  is  based  on  the  supposed  existence  in  a  Cephala^pis  of  a 
series  of  twenty-five  to  thirty  lateral  appendages  of  arthropod  tjrpe. 
When,  however,  it  is  found  that  the  would-be  limbs  are  but  the  edges 
of  body  scutes  niisintei^preted,  suspicion  is  aroused;  and  when,  work- 
ing Iwick  from  this,  an  earlier  attempt  reveals  the  fact  that  the  author^ 
compelled  to  find  tm))ecula%  in  order  to  force  a  presupposed  compari- 
son between  the  architecture  of  the  Cephalaspidian  head  shield  and 
the  Linuilus'  prosomal  hood,  resorts  to  a  compirison  between  the 
structure  of  the  former  in  general  and  that  of  the  cornu  of  the  latter, 
with  details  which  on  the  piscine  side  are  not  to  date,  the  argument 
must  l)e  condemned.  It  violates  the  first  principles  of  comparative 
morphology,  and  is  revolting  to  common  sense;  and  as  to  the  fishes 
concerned,  we  know  that  they  have  nothing  whatever  to  do  with  the 
Limuloids,  for  we  have  already  seen  that,  with  their  allies  the  Pteras- 
pidia;,  they  arc  a  lateral  ])mnch  of  the  ancestral  piscine  stem. 

The  second  advance  upon  the  King  crabs  has  very  much  in  common 
with  the  first.  It  has  engrossed  the  attention  of  an  eminent  physiolo- 
gist for  the  last  six  or  sev^en  years,  and  by  him  it  was  in  detail  set 
before  Section  I  at  our  meetmg  of  1896.  Suffice  it  to  say  that  it  specially 
aims  at  establishing  a  structuml  community  between  the  king  crabs 
and  certain  vertebrates,  favorable  to  the  conviction  that  the  vertebraUi 
have  had  an  arthropod  ancestry.  When  we  critically  survej'  the 
appalling  accumulation  of  words  begotten  of  this  task,  it  is  suflicient 
to  consider  its  opening  and  closing  phases.  At  the  outset,  under  the 
conclusion  that  the  vertebrate  nervous  axis  is  the  metamoiphosed 
alimentary  canal  of  the  arthropod  ancestor,  the  necessity  for  finding 
a  digestive  gland  is  mainly  met  l)v  homologizing  the  so-called  liver  of 
the  arthropod  with  the  cellular  amchnoid  of  the  larval  lamprey,  in 
violation  of  the  fii*st  principles  of  compamtive  histology.  At  the  close 
we  find  ingenious  attempts  to  homologize  nerve  tracts  and  conuuissures 
related  to  the  organs  of  sense,  such  as  are  invariably  present  wherever 
such  organs  occur.  Sufficient  this  to  show  that  the  comparison,  in 
respect  to  its  leading  features,  is  in  the  opening  case  strained  to  an 
unnatuml"  degree,  in  the  closing  case  no  comparison  at  all.  Finding, 
as  we  do,  that  the  rest  of  the  work  is  on  a  par  with  this,  w^e  are  com- 
pelled to  reject  the  main  conclusion  as  unnatural  and  unsound;  and 
when  we  seek  the  explanation  of  this  remarkable  course  of  action^  we 
are  forced  to  believe  that  it  lies  in  the  failure  to  understand  the  nature 
of  the  morphological  method.  For  the  proper  pursuit  of  comparative 
morphology,  it  is  not  sufficient  that  any  two  organisms  chosen  here 
and  there  should  Ik?  compared,  with  total  disregard  of  even  elementary 
principles.  Comparison  should  lx>  first  close  and  with  nearly  related 
'orms,    passing    later    into    larger    groups,    with    the   progressive 
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elimination  Oi  those  chai^acters  which  are  found  to  be  least  con- 
stant. And  necessary  is  it,  above  all  things,  that  in  instituting  com- 
parison it  should  be  first  ascertained  wh  .t  it  is  that  constitutes  a 
crustacean,  a  inarsipobranch,  a  cj^clostome,  and  so  on  for  the  rest. 
We  have  tried  to  accept  this  theory,  fascinated  both  by  the  arguments 
cMiiployed  and  ))v  the  idea  itself,  which  for  ingenuity  it  would  be  diffi- 
<*iilt  to  beat,  but  we  axn  not;  and  we  dismiss  it  as  misleading,  tus  a 
fallacy^  begotttiii  of  a  misconception  of  the  nature  of  the  morphologi- 
cal method  of  r(\search.  It  is  of  the  order  of  events  which  led  Owen 
to  compare  a  ccphalopod  and  a  verte])i-ato,  led  Lacaze-Duthiers  to 
regard  the  Tunicata  and  Lamellibranchs  as  allied;  and  with  these  and 
other  heresies  it  must  be  denounced. 

Passing  to  the  third  advance,  extending  over  the  last  twenty  j^ears, 
it  may  be  said  to  consist  in  the  revival  of  a  theory  of  1829,  which 
boldly  asserts  that  Linmlus  is  an  Arachnid.  In  the  development  of 
the  defense  there  have  been  two  weak  points  but  lately  strengthened, 
viz,  the  insufiicient  consideration  of  the  paheontological  side  of  the 
(iuestion  and  of  the  presence  of  ti-achejc  among  the  Arachnida.  Under 
the  former  there  was,  until  recenth^,  assumed  the  a])sence  of  the  first 
pair  of  appendages  in  the  Kurypterida;  but  it  may  be  said  that  they 
have  since  been  observed  in  7l^i(ri/j)tc7'mji\sc/teri  of  the  Russia  Silurian, 
and  J{,  sroticiw  from  the  Pentland  IlilLs,  in  both  of  which  they  consist 
of  small  chelate  appendages  flexed  and  limuloid  in  detail,  somewhat 
reduced  perhaps,  and  inclosed  by  the  bases  of  the  succeeding  limbs, 
which  become  apposed  as  the  anterior  end  is  I'eached.  Since  by  this 
discovery  th(».  Limuloids,  Eur3'pterids,  and  Scorpionids  are  brought  into 
a  numerical  harmony  of  limb-})earing  parts,  we  may  at  once  proceed 
to  other  points  at  issue.  So  far  as  the  broftder  structural  plan  of  Lim- 
ulus  and  the  Scoipion  are  concerned,  all  will  agree  to  a  general  com- 
nmnity,  except  for  the  organs  of  respimtion;  but  concerning  the 
c(i4om,  the  mobile  spermatozoa,  and  the  more  detailed  features  under 
which  Linmlous  is  held  to  differ  from  the  Crustacea  and  to  resemble  the 
Arachnida,  I  would  remark  that  while  motile  spermatozoa  are  charac- 
teristic of  the  Cirripedes,  the  rest  of  the  argument  is  weakened,  ))y  the 
probability  that  the  "arachnidan"  chai'acters  which  remain  may  well 
have  been  possessed  })y  the  crustacean  ancestors,  and  that  Limulus, 
though  specialized,  being  still  an  ancient  form,  might  have  retained 
them.  The  difficulty  does  not  seem  to  me  to  lie  in  this,  nor  with  the 
excretory  organs,  if  we  are  justified  in  accepting  the  aforementioned 
argument  that  the  so-called  Malpighian  tubes  maj'  be  inturned  neph- 
ridia,  ectodermal  in  origin,  and  in  knowledge  of  the  existence  of 
endodennal  excretory'  diverticula  in  the  Amphipods.  These  facts 
would  seem  to  suggest  that  as  our  experience  widens,  differences  of 
this  kind  will  disappear. 
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As  to  the  tracheal  system,  now  adequately  recognized  by  the 
upholders  of  the  arachnid  theory,  the  presumed  origin  of  tracheae 
from  lung  books,  the  probability  that  the  ram's-hora  organ  of  the 
ChernetidsB  may  be  tracheal,  the  presence  of  trachesB  in  a  simple  form 
in  the  Acari,  and,  by  way  of  an  anomaly,  in  a  highly  organized  form 
on  the  tibifB  of  the  walking  legs  of  the  harvest  men  (Phalangidte),  are 
all  features  to  be  borne  in  mind.  While  I  am  prepared  to  admit  that 
this  wide  structural  range  and  varied  distribution  of  the  trache®  less- 
ens their  importance  as  a  criterion  of  affinity,  I  can  not  accept  as 
conclusive  the  evidence  for  the  assumed  homology  between  lung  books 
and  gills.  And  here  it  may  be  remarked  that  a  series  of  paired 
abdominal  vesicles,  recently  found  in  the  remarkable  arachnid  Koenenia^ 
invaginate  as  a  rule,  but  in  one  example  everted,  seized  upon  in 
defense  of  this  homology,  have  not  been  so  regarded  by  those  most 
competent  to  judge. 

There  remains  the  entosternite,  an  organ  upon  which  much  empha- 
sis has  been  placed.  Not  only  does  a  similar  organ  exist,  apart  f  ix)m 
an  endophragmal  system,  in  Apvs,  Cyclops^  some  Ostracods  and  Deca- 
pods; but,  regarding  the  question  of  its  histology,  it  may  be  pointed 
out  that  f  roni  all  that  is  at  present  known  the  structural  differences 
between  these  several  entosternites  do  not  exceed  those  between  the 
cartilages  of  the  Sepia  body.  And  when  it  is  found  that  the  figures 
and  descriptions  of  the  entosternite  of  Mygale  (^'  Mj'^gale  sp. ,"  "  Mygal- 
omorphous  Spider,"  auct.)  have  been  thrice  presented  upside  down, 
the  reliability  of  this  portion  of  the  argument  is  lessened,  to  say  the 
least. 

Recent  observation  has  sought  to  clench  the  homology  of  the  four 
posterior  pairs  of  limbs  of  the  King  crab  and  Scorpion,  by  appeal  to  a 
furrow  on  the  fourth  segment  in  the  former,  believed  to  denote  an 
original  division  into  two;  but  I  hesitate  to  accept  this  until  myologi- 
cal  proof  has  been  sought. 

Returning,  amidst  so  much  that  is  problematic,  to  the  sure  ground 
of  paleontology,  I  wish  to  point  out  that  when  all  is  considered  in 
favor  of  the  arachnid  theory  there  still  remains  another  way  of  inter- 
preting the  fact». 

In  both  Limulus  and  the  Scorpion  the  first  six  of  the  eighteen  seg- 
ments are  well  known  to  be  fused  into  a  prosoma  bearing  the  limbs, 
but  while  in  the  Scorpion  the  remaining  twelve  are  free,  in  Limulus 
they  are  united  into  a  compact  opisthosomal  mass.  In  dealing  with 
the  living  arthropods,  there  is  no  character  determinative  of  position 
in  the  scale  of  this  or  that  series  more  trustworthy  than  the  antero- 
posterior fusion  of  segments.  Jt  has  been  called  the  process  of 
•''cephalisation,"  and  the  degree  of  its  backward  extension  furnishes 
the  most  reliable  standard  of  highness  or  lowness  in  a  given  assem- 
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blage  of  forms.  In  passing  from  the  lower  to  the  higher  Crustacea, 
we  find  this  fusion  increasing  as  we  ascend;  and  it  therefore 
becomes  necessary  to  compare  the  Scorpion  with  the  other  Arachnida, 
Limulus  with  the  Eurypterida,  in  order  the  better  to  determine  the 
position  of  each  in  its  respective  series  by  the  application  of  this 
inile. 

As  to  the  number  of  segments  present,  variation  is  a  matter  of  small 
concern,  in  consideration  of  the  mode  of  origin  of  segmentation  and 
the  wide  numerical  range — from  seven  in  the  Ostracods  to  more  than 
sixty  in  Apus — the  segments  of  the  crustacean  class  present. 

On  the  arachnidan  side,  in  the  Solifugse  but  the  third  and  fourth 
segments  are  fused;  the  remaining  four  of  the  prosomal  series  with 
the  ten  which  remain  are  free.  In  Kmienia  four  of  the  prosomal  seg- 
ments alone  unite;  the  fifth  and  sixth  with  the  rest  are  free.  And 
when  we  pass  to  the  Limuloids  and  the  descending  series  of  their 
allies,  we  find  it  distinctive  of  the  Eurypterida  that  all  the  opistho- 
somal  segments  are  free.  If  we  can  trust  these  comparisons,  we  must 
conclude  that  the  Eurypterida  of  the  past,  in  respect  to  their  segmen- 
tation, simplify  the  Limuloid  type,  on  lines  similar  to  that  on  which 
the  SolifugfiB  and  Koenenia  simplify  the  Higher  Arachnid  and  Scor- 
pionid  type,  and  that  therefore  if  the  degree  of  antero-posterior  fusion 
of  segments  has  the  significance  attached  to  it,  Lim^diis  and  Scorpio 
must  each  stand  at  the  summit  of  its  respective  series.  If  this  be 
admitted,  it  has  next  to  be  asked  if,  in  comparing  them,  we  may  not 
be  comparing  culminating  types,  which  might  well  be  isomorphic. 

The  scorpions  are  known  fossil  by  two  genera,  Palsdophonus  and 
Proscorpins^  from  the  Silurian  of  Gotland  and  Lanarkshire,  the  Pent- 
land  Hills,  and  New  York  State;  while  recent  research,  in  the  discov- 
ery of  the  genus  Strabops,  has  traced  the  Eurypterida  back  to  the 
Cambrian,  leaving  the  scorpions  far  behind.  One  striking  feature  of 
the  limbs  of  the  Palaeozoic  Eurypterids  is  their  constantly  recurring 
shortness  and  uniforaily  segmented  character,  long  known  in  Slimo- 
nia^  and  less  conspicuously  in  Pterygotus  itself,  retained  with  devel- 
opment of  spines  in  three  of  five  known  appendages  of  the  recently 
described  eurypterid  giant  Stylonurus,  The  minimum  length  yet 
observed  for  these  appendages  is  that  of  the  Silurian  species  Etiryp- 
terns  Jischeri^  discovered  by  Holm  in  Russia  in  1898.  This  creature 
is  one  of  the  few  eurypterids  in  which  all  the  appendages  are  pre- 
served, and  it  is  the  more  strange,  therefore,  that  the  advocates  of  the 
arachnid  theory  should  ignore  it  in  their  most  recent  account.  Allow- 
ing for  the  specialization  of  its  sixth  prosomal  appendage  for  swim- 
ming, the  fifth  is  but  little  elongated;  the  second,  third,  and  fourth 
are  each  in  total  length  less,  by  far,  than  the  transverse  diameter  of 
the  prosoma,  and  uniformly  segmented,  giving  the  appearance  of 
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short  antennse.  They  seem  to  be  seven  jointed,  and  are  just  such 
appendages  as  exist  in  the  simpler  crustacean  and  tracheate  forms; 
and  in  the  fact  that  their  structural  simplicity  is  correlated  with  the 
independence  of  the  whole  series  of  opisthosomal  segments  they  lend 
support  to  the  argument  for  isomorphism. 

With  this  conclusion  we  turn  once  more  oo  the  Scoi-pions,  if  per- 
chance something  akin  to  it  may  not  be  in  them  forthcoming.  The 
Silurian  genus  Paldeoph(J!;^iu^^  especially  as  represented  by  the  Gotland 
specimen,  reveals  the  one  character  desired.  Its  body  does  not  appear 
to  be  in  any  marked  degree  simpler  than  that  of  the  living  forms;  but 
on  turning  to  its  limbs  we  find  the  four  posterior  pairs,  in  length 
much  shorter  than  those  of  an}^  living  species,  all  but  uniformly  seg- 
mented. In  this  they  approximate  toward  the  condition  of  the  limbs 
of  the  Eurypterida  just  dismissed,  and  their  condition  is  such  that  had 
they  been  found  fossil  in  the  isolated  state  they  would  have  been 
described  as  the  limbs  of  a  Myriapod,  and  not  of  a  scoipion  at  all. 
Indeed,  their  very  details  are  what  is  required,  since  in  the  possession 
of  a  single  terminal  claw  they  differ  from  the  limbs  of  the  recent  scor- 
pions as  do  those  of  the  Chilopoda  from  the  hexapods. 

With  this  the  scorpionid  t}  pe  is  carried  back,  with  a  structui-al  sim- 
plification indicative  of  a  parallelism  with  the  other  arthropod  groups; 
and  while  the  facts  do  not  prove  the  total  independence  of  the  scor- 
pionid and  linmloid  series  they  bring  the  latter  into  closer  haniiony 
with  the  Eurj'pterida  of  the  past.  They  prove  that  the  Silurian  Scor- 
pions simplify  the  existing  Scorpionid  type  on  precisely  the  lines  on 
which  the  Eurypterida  simplify  the  Limuloid;  and  they  do  so  in  a 
manner  which  suggests  that  a  distinction  between  the  CjH(sfacea  vt  ra 
and  the  Crustacea  gujantoHtraca  (to  include  the  Eur3'pterida  and 
Xiphosum)  is  the  nearest  expression  of  the  truth.  It  becomes  thereby 
the  more  regrettable  that  in  a  recent  revision  of  the  taxonomy  of  the 
Limuloids  the  generic  name  Carcino^coTpluH  should  have  found  a 
place. 

I  foresee  the  objection  that  the  aijtenniform  condition  of  the  shorter 
limbs  may  be  secondary  and  due  to  change.  There  is  no  proof  of  this. 
Against  it,  it  may  be  said  that  the  number  of  the  segments  is  uormal, 
and  that  where  nature  effects  such  a  change  elongation  is  with  the 
multiarticulate  state  the  only  process  known;  as,  for  example,  with 
the  second  leg  of  the  Phrynidte,  the  so-called  second  pareiopod  of  the 
Polycaipidea,  and  the  last  abdominal  appendage  of  ApseudnH, 

That  advances  such  as  we  have  now  considered  should  lead  to  new 
departures  is  a  necessity  of  the  case,  and  it  but  remains  for  nie  to 
remind  you  that  within  the  last  decade  statistical  and  experimental 
methods  have  very  properly  come  more  prominently  into  vogue,  in  the 
desire  to  solve  the  problems  of  variation  and  heredity.     Of  the  statis- 
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tical  method,  by  no  means  new,  I  have  but  time  to  recall  to  3^011  the 
presidential  address  of  1898  bv  my  friend  and  predecessor  in  this 
chair,  himself  a  pioneer;  and  of  the  experimental  method  I  can  but 
cite  an  example,  and  that  a  most  satisfac*toiy  one,  justifying  our  con- 
fidence and  support.  It  concenis  the  late  Professor  Milne-Edwards, 
who  in  1864  described,  from  the  Paris  Museum,  the  head  of  a  rock 
lolister  {Pal hiurus penicillatus)  having  on  the  left  side  an  antenniform 
eyestalk.  With  the  perspicuity  distinctive  of  his  i-ace,  he  argued  in 
favor  of  the  ''fundamental  similarity  of  parts  susceptible  to  revert  to 
their  opposite  states.-'  The  matter  remained  at  this  till,  on  the 
removal  of  the  ophthalmite  of  certain  Crustacea,  it  was  found  that  in 
regeneration  it  assumes  a  uniramous  nmltiarticulate  form,  and  it  is  an 
interesting  circumstance  that  in  the  common  crayfish  the  bimmous 
condition  normal  to  the  antennule  maj'  occur — an  example  this  of  a 
fact  which  no  other  method  could  explain. 

When  all  is  said  and  done,  however,  it  is  to  the  moiphological 
method  that  1  would  appeal  as  most  reliable  and  sound.  And  when 
we  find  (1)  that  in  certain  Compound  Tunicates  the  atrial  wall,  in  the 
^^g  development  delimited  by  a  pair  of  ectoblastic  invaginations,  in 
the  bud  development  may  be  formed  from  the  parental  endodermic 
branchial  sac;  (2)  that  regenei'ated  organs  are  by  no  means  derivative 
of  the  blastemata  whence  they  originally  arose;  (8)  that  in  the  devel- 
oj^ment  of  a  familiar  stai'fish  the  inner  cells  of  the  earliest  segmenta- 
tion stages,  by  intercalation  among  the  outer,  contribute  half  the  fully 
formed  blastula;  (4)  that  there  are  Diptera  in  existence  in  which,  while 
it  is  well  nigh  impossible  to  discriminate  between  the  adult  forms, 
there  is  reason  to  believe  the  pupa  cases  are  markedly  and  constantly 
distinct,  it  becomes  only  too  evident  that  the  later  embryonic  and 
adult  states  are  those  most  reliable  for  all  purposes  of  comparison, 
and  that  it  is  by  these  that  our  animals  can  best  be  known  and  judged. 
Caution  is,  however,  necessary  with  senility  and  age,  since  certain 
skulls  have  ])een  found  to  assume  at  this  period  characters  and  pro- 
portions strikingly  abnormal,  and  b}"  virtue  of  the  most  important 
discovery,  which  we  owe  to  the  Japanese,  that  in  certain  Holothu- 
rians  the  calcareous  skeletal  deposits  may  so  change  with  age  as  to 
render  specific  diagnoses  based  on  their  presumed  immutability 
invalid.  Advance,  real  and  progressive,  is  in  no  department  of 
zoological  inquiry  better  marked  than  comparative  morphology,  and 
it  is  for  the  preeminence  of  this  that  I  would  plead.  Educationally, 
it  affords  a  mental  discipline  second  to  none. 

We  live  by  ideas,  we  advance  by  a  knowledge  of  facts,  content  to 
discover  the  meaning  of  phenomena,  since  the  nature  of  things  will 
be  forever  beyond  our  gi-asp. 

And  now  my  task  is  done,  except  that  1  feel  that  we  must  not  leave 
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this  place  without  a  word  of  sympathy  and  respect  for  the  memory  of 
one  of  its  sons,  an  earnest  devotee  to  our  cause.  William  Thompson, 
born  in  Belfast,  1806,  became  in  due  time  known  as  ^' the  father  of 
Irish  natui'al  history."  By  his  writings  on  the  Irish  fauna,  and  his 
numerous  additions  to  its  lists,  he  secured  for  himself  a  lasting  fame. 
In  his  desire  to  benefit  others,  he  early  associated  himself  with  the 
work  of  the  Natural  History  Society,  which  still  flourishes  in  this  city. 
He  was  president  of  this  section  in  1843,  and  died  in  London  in  1852, 
while  in  the  service  of  our  association,  in  his  forty-seventh  year, 
beloved  by  all  who  knew  him.  His  memory  still  survives;  and  if,  as 
a  result  of  this  meeting,  we  can  inspire  in  the  members  of  the  Natural 
History  and  Philosophic  Society  of  this  city,  as  it  is  now  termed,  and 
of  its  Naturalists'  Field  Club,  an  enthusiasm  equal  to  his,  we  shall  not 
have  assembled  in  vain. 


CORAL." 
By  Dr.  Loos  Roule. 

Prof  ester  at  (he  iwrermty  of  Toulome^  France, 


Will  this  beautiful  material,  whose  color  is  so  vivid  and  so  pure, 
ever  again  come  into  fashion?  It  has  fallen  into  complete  discredit, 
ea-sily  supplanted  bv  common  glass  jewelry  and  cheap  pearls,  yet  there 
are  signs  of  its  return. 

Recognised  and  appreciated  in  ancient  times,  it  was  known  to  be 
dredged  from  the  depths  of  the  sea,  whence  it  appeared  in  the  form  of 
hard,  arborescent  masses  like  petrified  bmnches,  that  even  in  this 
crude  state  showed  color  and  bloom.  It  was  also  known  that  it  was 
renewed  by  growth,  for  after  several  yeai's  it  could  again  be  gathered 
from  a  place  that  had  previously  been  raked  and  worked.  Its  ap|)ear- 
ance  and  growth  seemed  to  indicate  that  it  was  really  a  tree — a  special 
sort  of  vegetable  that  grew  at  the  bottom  of  the  sea.  It  was  classed 
with  other  living  forms  of  diverse  characters:  Gorgonias,  Antipathes, 
Madrepores,  curious  algse  encrusted  with  calcareous  matter,  and  these 
singular  productions  of  nature  were  termed  ^'lithophytes,"  a  name 
that  accurately  expressed  the  prevailing  ideas  concerning  their  nature. 
They  were  all  much  sought  for,  either  as  ornaments  or  as  curiosities; 
but  coral  was  by  far  the  most  valued.  Its  purplish  tint,  its  hardness, 
the  luster  and  polish  which  it  readily  took  on,  gave  it  the  preeminence. 

An  Italian,  Marsigli,  who  had  been  driven  by  {K)litical  struggles 
into  exile  on  the  coasts  of  Provence,  and  his  friend  Peyssonel,  a  phy- 
sician of  Marseilles,  were  the  first  to  recognize,  a  century  and  a  half 
ago,  the  real  nature  of  coral.  Their  observations,  though  accurate 
and  sagacious,  were  so  at  variance  with  the  lieliefs  of  that  period  that 
Reaumur,  to  whom  they  were  submitted,  would  not  accept  them,  and 
thought  it  charitable  to  advise  their  authors  to  be  more  circumspect. 
According  to  them,  coral  was  neither  a  stone  nor  a  marine  plant. 

o Translated  by  author's  permiflsion  from  La  Nature,  Paris,  No.  1509,  April  26,  1902. 
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Their  studies,  especially  those  of  Peyssonel,  led  them  to  consider  it 
as  an  animal.  Having  taken  coral  recently  gathered,  they  put  it  in  a 
basin  filled  with  sea  water  and  examined  it  with  care.  The  arbores- 
cent stone  was  covered  with  a  softer  flesh,  likewise  colored  red,  and  on 
that  flesh  were  living  numerous  animalculae  provided  with  movable 
tentacles.  These  creatures  really  formed  a  part  of  the  flesh  which 
ensheathes  the  stone,  producing  it  as  the  organism  of  many  animals 
produce  the  mineral  substance  of  their  shell  or  their  skeleton.  Peys- 
sonel  thus  corrected  one  of  the  most  serfous  errors  of  natuml  historv. 
He  not  only  placed  in  its  true  position  an  important  group  of  marine 
creatures,  but  also  corrected  a  mistaken  view  which  had  led  to  search 
in  the  wrong  field  for  connecting  links  between  the  two  great  kingdonLs 
of  nature. 

These  investigations  were  so  searching  and  thorough  that  an  entire 
century  passed  before  much  was  added  to  this  discover3\  It  was 
about  the  middle  of  the  last  century  that  our  knowledge  of  coral  was 
increased  \)y  new  acquisitions  derived  from  the  patient  and  persevering 
studies  of  ,an  eminent  French  zoologist,  H.  de  Lacaze-Duthiers,  who 
has  just  left  us  after  a  life  devoted  wholly  to  science.     From  that  time 

■  »         * 

coral  was.  understood.  .  .     ' 

■  ■*•>■•  -      .  ,     . 

The  redv  stone  is  npthing  less  than  .the  skeleton. prpduced  by  minute 
animals,  and  serving  for  their  support.  Thanks  to  it  they  lift  them- 
selves aboye  the  rock  to  which  this  skeleton  is  attached,  and  maintain 
themselves  erect  in  the  water  which  surrounds  them.  This  skeleton 
is  arborescent,  and  its  tree-like  appeai'ance  gave  rise  to  the  ancient 
error  concerning  its  nature.  It  has  a  trunk  fixed  on  a  solid  suj^)ort 
and  knotted  branches  that  extend  in  every  direction.  It  is  sometimes 
several  feet  in  height  and  the  thickness  of  its  principal  branches  may 
be  half  an  inch  or  more.  Each  trunk  and  branch  carries,  scattered 
over  its  surface,  some  millimeters  apart,  arranged  without  any 
apparent  order,  animals .  similar  to  each  other,  having  the  structure 
that  characterizes  the  group  of  polyps.  The  bases  of  these  creatures 
enlarge,  thicken,  and  unite,  forming  by  this  union  a  sheet  that  sur- 
rounds the  skeleton  like  a  sheath,  enveloping  it  wholly,  following  all 
its  branches  and  nodosities.  Together  with  the  polyps,  this  is  the 
living  and  fleshy  portion,  the  "sarcosome"  of  the  collection.  It** 
internal  surface  is  closely  applied  to  the  stony  skeleton  to  which  it 
gives  origin;  it  produces  it  and  continually  secretes  new  layers  in 
addition  to  those  already  existing.  These  layers  are  made  of  calcareous 
matter  colored  red  by  a  special  substance;  the  sarcosome  secrptes 
them  as  the  mantle  of  a  mollusk  produces  the  shell  that  protects  the 
animal. 

The  stiTicture  of  each  polyp  is  very  simple.  It  is  from  3  to  4  mm. 
in  height  and  2  to  3  mm.  in  diameter.     Withdrawing  at  the  slightest 


A  Coral  Colonv,  Showing  the  Polvps  Opened. 
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alarm  and  folding  it><elf  up  with  the  greatest  ea^e^  so  as  to  be  almost 
indistinguishable  from  the  sareosome,  it  then  shows  on  the  surface 
only  as  a  slight,  barely  visible,  nipple-like  proje<'tion.  When  expanded 
it  bears  at  its  summit  eight  delicate  tentacles,  with  fringed  borders, 
that  csm  be  moved  about  in  everv  direction.  The  lx)dv  itself,  cvlin- 
drical  in  form,  consists  only  of  a  delicate,  transparent  wall  surround- 
ing a  spacious  cavity,  divided  into  compartments  by  eight  vertical 
septa.  This  internal  hu:  opens  externally  by  a  mouth  in  the  middle  of 
the  space  surrounded  by  the  tentai'les;  at  the  other  extremity  it  is 
prolongeil  as  a  canal  that  extends  into  the  sarcosome,  ramifies  there, 
and  unites  with  similar  branches  that  originate  from  neighboring 
poh'ps.  All  intercommunicate  by  means  of  these  canals.  The  entire 
assemblage  is  a  colony,  a  polvp  community  in  which  each  individual 
is  joint-stock  owner.  Not  only  does  their  c*ommon  skeleton  sustain 
them  all  alike,  the  food  seized  bv  the  tentacles  of  one  does  not  nourish 
him  alone,  he  shares  it  with  his  neighbors.  They  subsist  upon  small 
creatures  which  are  digested  and  rendered  assimilable  in  the  interior 
cavity  of  the  body.  The  polyps  annually  produce  eggs  upon  the  thin 
septa  which  divide  this  interior  cavity.  After  fecundation  is  accom- 
plished these  eggs  go  on  to  develop  without  leaving  the  cavity,  becom- 
ing free-swimming  larva?  resembling  microscopic  worms  whase  surface 
is  covered  with  vibratile  cilia.  These  emb'rvos  swim  alx)ut  in  the 
maternal  iiinty,  finally  pass  out  of  the  mouth,  almndon  their  singular 
shelter,  and  wander  forth  at  random.  These  l>eings  are  of  such 
elementary  structure  that  one  organ  jierfonns  all  their  functions. 

iVIany  of  these  larvfe  are  pursued,  seized,  and  eaten  by  marine  crea- 
tures stronger  than  they.  Those  which  escape  fix  themselves,  after  a 
period  of  vagabond  existence,  to  a  rock  or  a  shell  and  there  become 
modified  into  polyps,  growing  extenial  tentacles  and  internal  septa. 
Then  each  polyp,  far  from  remaining  solitary,  produces  at  its  base 
expansions  or  buds  which  increase,  develop,  and  in  turn  l^ecome 
polyps.  This  budding  gives  rise  to  a  young  colony,  as  yet  minute  and 
spread  out  over  its  support.  The  little  sarcosomc  then  commences  to 
display'  its  peculiar  activit}'.  It  forms  by  secretion  an  outline  of  a 
calcareous  skeleton,  which  it  attaches  to  the  support  and  constantly 
enlarges  by  the  addition  of  new  layers.  On  this  it  erects  itself  as  on 
a  protuberance.  The  colony  continues  to  bud,  the  sarcosomc  to 
increase  and  to  deposit  new  calcareous  matter.  The  skeleton  enlarges, 
elongates,  and  ensheaths  itself  with  sarcosomc,  which  constitutes  for  it 
an  axis  of  support,  this  term  being  often  used  to  designate  it.  It 
ramifies.  The  polyp  community  thus  arises;  it  constantly  inci"eases, 
and  it  derives  its  origin  from  the  minute  larva  engendered  by  one  of 
the  polyps  of  a  neighboring  community. 
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Coral  is  thus  the  product  of  an  animal  association.  It  Ls  not  the 
only  one;  other  inferior  creatures  belonging  to  the  class  of  pol}^ 
sustain  and  protect  themselves  by  means  of  calcareous  rods  or  envel- 
opes produced  in  the  same  way.  This  is,  however,  one  of  the  most 
characteristic  and  best  known.  Its  history,  save  some  variations  of 
slight  impoilance,  applies  to  an  entire  group,  and  its  principal  interest 
depends  upon  the  contrast  between  the  weakness  of  the  polyps  and  the 
great  size  of  the  polyp  community.  There,  aS  everywhere,  union  is 
strength.  The  Lijolated  individual  counts  for  but  little,  but  association 
and  mutual  aid  produce  great  results.  Man  often  might  search  in 
nature,  even  among  the  most  minute  beings,  for  rules  for  his  conduct. 


REINDEER  IN  ALASKA. « 


By  Gilbert  H.  Grosvenor, 

Editor  National  Geographic  Magazine. 


Twelve  years  ago  Dr.  Sheldon  Jackson  brought  his  first  herd  of  16 
reindeer  across  Bering  Strait  from  Siberia  and  started  his  reindeer 
colony  at  Unalaska,  off  the  bleak  coast  of  Alaska.  Many  then  smiled 
at  the  experiment  and  declared  his  plan  for  stocking  the  great  barrens 
of  northwestern  Alaska  with  thousands  of  the  animals  which  for  cen- 
turies had  been  indispensable  to  the  natives  of  Lapland  and  Siberia 
was  impracticable  and  wasteful  of  time  and  good  money.  But  the 
experiment  prospered  from  the  very  first.  Other  reindeer,  number- 
ing nearly  1,000  in  all,  during  the  succeeding  years  were  brought  over 
from  Siberia.  To-day  there  are  nearly  6,000  head  in  the  various  herds 
distributed  along  the  Alaskan  coast  from  Point  Barrow  to  Bethel. 
The  existence  of  the  30,000  natives  of  northwestern  Alaska,  as  well  as 
the  success  of  the  miners  who  are  beginning  to  throng  into  the  interior 
of  the  Territory  in  the  far  noith,  are  dependent  upon  these  domestic 
reindeer;  their  clothing,  their  food,  their  transportation,  their  uten- 
sils, and  their  shelter  are  all  furnished  them  by  the  reindeer. 

The  reindeer  enterprise  is  no  longer  an  experiment,  although  still  in 
its  infancy.  There  are  400,000  square  miles  of  barren  tundra  in 
Alaska  where  no  horse,  cow,  sheep,  or  goat  can  find  pasture;  but 
everywhere  on  this  vast  expanse  of  frozen  land  the  reindeer  can  find 
the  long,  fibrous,  white  moss  which  is  his  food.  There  is  plenty  of 
room  for  10,000,000  of  these  hardy  animals.  The  time  is  coming 
when  Alaska  will  have  great  reindeer  ranches  like  the  great  cattle 
ranches  of  the  Southwest,  and  they  will  be  no  loss  profitable. 

The  story  of  the  inception  and  growth  of  the  reindeer  enterprise  in 
Alaska  is  very  interesting  and  is  not  generally  known.     During  an 

« Reprinted  by  permission  from  the  National  iieographir  Magazine,  Vol.  XIV, 
No.  4,  April,  1903. 
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extended  trip  of  inspection  of  the  missionary  stations  and  Government 
schools  in  Alaska  in  the  simimer  of  1890,^  Dr.  Sheldon  Jackson  was 
impressed  with  the  fact  that  the  natives  in  arctic  and  suljarctic  Alaska 
were  rapidly  losing  the  sources  of  their  food  supply.  Each  A'ear  the 
whales  were  going  farther  and  farther  north,  beyond  the  reach  of  the 
natives,  who  had  no  steamships  in  which  to  pursue  them;  the  walrus, 
which  formerly  had  been  seen  in  herds  of  thousands,  were  disappear- 
ing; the  seals  were  becoming  exterminated,  and  in  winter  the  Eskimo 
had  to  tramp  15  to  20  miles  out  on  the  ice  before  he  could  catch  one. 
The  modern  hunter,  with  his  steam  launches  and  rapid-fire  guns,  had 
found  the  tvhales,  walras,  and  seals  such  easy  prey  that  he  was  ruth- 
lessly destroying  them.  Also  the  wild  caribou,  that  the  native  had 
easily  captured  >)efore,  had  been  frightened  away  and  was  rarely  seen. 

Not  only  was  the  Eskimo  losing  his  food,  but  what  in  an  arctic  cli- 
mate is  no  less  important,  his  clothing  as  well.  The  whalebone,  the 
ivorj'  tusks  of  the  walrus,  the  seal  skin,  and  the  oil  had  given  him 
means  of  barter  with  the  Siberian  traders  across  the  strait,  from  whom 
he  obtained  reindeer  skins  to  keep  him  warm  in  winter. 

Dr.  Jackson  saw  that  unless  something  was  done  at  once  the  United 
States  would .  have  to  choose  between  feeding  the  20,0(X)  and  more 
natives  or  letting  them  stan  e  to  death.  The  latter  course  was  impos- 
sible, the  fomicr  rather  expensive,  as  supplies  would  have  to  be  (*arried 
some  3,000  miles  from  Seattle.  The  more  enterprising  Siberian,  liv- 
ing on  the  opposite  side  of  the  strait  under  practically  the  same  condi- 
tions of  arctic  cold,  got  along  very  nicely,  as  he  had  great  herds  of 
domestic  reindeer  to  fall  back  upon  when  game  was  scarce.  The  same 
moss  which  covered  sq  many  thousands  of  miles  of  the  plains  of  arctic 
Siberia  was  seen  evervwhere  in  Alaska.  The  tame  reindeer  of  Siberia 
was  practically,  the  same  animal  as  the  wild  caribou  of  Alaska,  changed 
})y  being  domesticated  for  centuries.  Could  not  the  Eskimo  l>e  made 
self-supporting  by  giving  him  reindeer  herds  of  liis  own? 

On  his  return  to  the  Ihiited  States  in  the  winter  of  1891  Dr.  Sheldon 
Jackson,  in  his  annual  report  to  Congress,  asked  for  an  appropria- 
tion to  provide  the  money  for  importing  a  few  deer.  Congress  was 
not  convince<l  of  the  wisdom  of  such  action,  but  several  private  i>er- 
sons  were  so  interested  that  they  placed  $2,000  at  Dr.  Jac*kson\s  dis- 
posal to  })egin  the  experiment.  The  first  deer  were  brou^t  over  that 
year.  It  was  not  long,  however,  before  the  Government  realized  the 
im|)ortance  of  the  movement,  and  in  1894  appropriated  the  sum  of 

«  Dr.  Slieldoii  Jackflon  first  visitetl  Alaska  in  1877,  in  the  interest  of  scrhools  and 
missions,     lie  njade  a  second  trip  in  1879.    Other  visits  folio we<i,  an<l  sin*^  his 
ap|)ointinent  an  general  agent  of  education  in  Alaska  in  1885  he  has  made  annual 
plaits  to  the  Territory. 
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$6,000  to  continue  the  work.  Later  the  appropriation  was  increased, 
and  during  the  last  several  years  has  amounted  to  $25,000  annually.^ 

The  Siberians  were  at  first  unwilling  to  part  with  any  of  their  rein- 
deer. They  were  superstitious  and,  above  all,  afraid  of  competition 
and  loss  of  trade  across  the  strait.  In  1891  Capt.  M.  A.  Healy ,  Revenue- 
Cutter  Service,  commanding  the  U.  S.  S.  Thetis^  was  instructed  to 
convey  Dr.  Sheldon  Jackson  to  Siberia  and  furnish  him  every  possible 
facility  for  the  purchase  and  transportation  of  reindeer  from  Siberia 
to  Alaska. 

In  carrying  out  these  instructions  Captain  Healy  was  obliged  to  sail 
from  village  to  village  for  1,500  miles  along  the  Siberian  coast  before 
ho  found  an  owner  willing  to  barter  his  reindeer  for  American  goods. 
None  would  sell  the  deer  for  cash.  Of  recent  years  the  Siberians 
have  been  but  little  less  reluctant  to  part  with  their  deer,  though  they 
could  easily  spare  many  thousands  from  their  vast  herds  without 
knowing  it. 

The  first  deer  brought  over  were  from  the  Chukches  herds — a  tough 
and  hardy  breed.  Two  years  ago  Lieutenant  Bertholf,  Revenue- 
Cutter  Service,  was  commissioned  to  go  to  Siberia  and  to  purchase  some 
of  the  Tunguse  stock,  which  are  larger,  stronger,  and  sturdier.  Start- 
ing from  St.  Petersburg,  after  a  long  journey  across  Siberia,  much  of 
it  by  sled,  he  succeeded  in  purchasing  several  hundred  Tunguse  rein- 
deer near  Ola,  hired  a  steamer,  embarked  the  reindeer  at  Ola  with 
2,500  bags  of  reindeer  moss,  and  finall}"  landed  200  of  the  animals  in 
good  condition  at  Port  Clarence.  His  experiences  during  his  remark- 
able journey  were  most  interesting,  and  are  admirably  descril)ed  in 
his  report  to  Dr.  Sheldon  Jackson,  published  in  1902.* 

o  Congreesional  appropriations  for  the  introduction  into  Alaska  of  (ioine^tic  rein- 
deer from  Siberia  are  a.s  follows: 


1894 $6,000 

18^5 7,500 

1 896 7 ,  500 

1897 12,000 

1 898 1 2, 500 

1899 12, 500 


1900 $25,000 

1901  25,000 

1902 25,000 

1903 25,000 


Total 158,000 


Congress  intrusts  the  general  charge  of  the  work  to  the  Bureau  of  Education,  of 
which  Dr.  William  T.  Harris  is  the  distinguished  head;  the  formulation  of  plans  and 
their  execution  is  intrusted  to  Dr.  Sheldon  Jackson,  general  agent  of  education  in 
Alaska. .  Dr.  Harris,  in  his  annual  reports  to  Congress,  has  Wgorously  urged  the 
importance  of  the  work,  and  to  him  credit  is  due  for  a  large  share  of  its  success. 
Capt.  M.  A.  Healy,  and  the  many  officers  of  the  Revenue-Cutter  Ser\ice,  w*hose,ve8sel8 
have,  year  after  year,  carried  the  agents  of  the  Bureau  back  and  forth  and  brought  the 
reindeer  from  Sil^eria  without  charge,  have  also  contributed  to  the  success  of  the 
reindeer  enterprise. 

6** Report  on  the  Introduction  of  Domestic  Reindeer  into  Alaska,"  by  Sheldon 
Jackson,  LL.  D.,  1901.  Appendix,  Expedition  to  Siberia,  report  of  Lieut.  E.  P. 
Bertholf,  Bevenue-Cutler  Service,  pp.  130-168. 
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THE  ESKIMO  AS  HERDERS. 


With  careful  training  the  Eskimo  nmke  excellent  herders.  Thej 
are  by  nature  good  imitators,  though  not  inventive,  and  readilj'  leurn 
how  to  take  care  of  the  reindeer,  to  throw  the  lasso,  to  harness  and 
drive  the  deer,  and  to  watch  the  fawns.  Siberian  herders  were  at 
first  imported  to  teach  them,  and  later  the  more  intelligent  and  effi- 
cient Laplanders,  who  have  learned  by  centuries  of  experience  to  give 
to  the  breeding  of  reindeer  the  care  that  we  give  to  the  breeding  of 
cattle.  In  the  winter  of  1898  sixty -three  Laplanders  and  their  fami- 
lies volunteered  to  go  to  Alaska,  the  United  States  Government  pay- 
ing the  expenses  of  their  long  journey  of  10,000  miles.  When  their 
term  of  enlistment  expired  some  reenlisted,  some  of  them  went  home 
again,  but  the  majority  turned  miners.  Everyone  will  be  glad  to 
know  that  at  least  two-thirds  of  the  whole  number  made  fortunes  in 
the  Cape  Nome  gold  fields. 

The  reindeer  herders  have  to  be  watchful.  Now  and  then  reckless 
miners  try  to  plunder  the  herds,  or  by  their  carelessness  set  fire  to  the 
moss.  A  fire  will  sweep  over  the  moss  barrens,  licking  up  every  fiber 
of  the  moss,  as  it  sweeps  over  our  western  prairies.  A  moss  fii'e  is 
even  more  destructive,  for  many  years  pass  before  the  moss  will  grow 
again. 

At  the  end  of  a  year's  service  the  Government  makes  a  gift  to 
deserving  herders  of  two  or  more  reindeer. 

RlftlNDEER  RAISING   AS  AN   INDUSTRY. 

When  one  considers  that  raising  reindeer  in  Alaska  is  simple  and 
the  profits  enormous,  one  is  surprised  that  as  yet  no  one  has  really 
gone  into  the  reindeer  business,  especially  at  Nome,  where  a  rich 
market  awaits  the  reindeer  farmer. 

A  fawn  during  the  first  four  years  costs  the  owner  less  than  f i  a 
year.  At  the  end  of  the  four  yeai's  it  will  bring  at  the  mines  from 
$50  to  $100  for  its  meat,  or  if  trained  to  the  sled  or  for  the  pack,  is 
easily  worth  |100  to  $160. 

The  fawns  are  very  healthy  and  but  few  die.  The  does  are  prolific, 
and  after  they  are  2  years  of  age  add  a  fawn  to  the  herd  each  year 
for  ten  years.  Last  year,  out  of  60  does  2  years  and  more  of  age  in 
one  herd,  48  had  fawns,  and  of  these  only  five  died,  three  of  which 
were  lost  through  accidents  or  by  the  carelessness  of  the  herder. 

The  I'eindeer  are  so  gregarious  and  timid  that  one  herder  can  eaaily 
guard  1,000  head.  The  herder  knows  that  if  a  few  stray  off  he  need 
not  look  for  them,  as  they  will  soon  become  frightened  and  rejoin  the 
main  herd. 

The  does  make  almost  as  gocxl  sled  deer  as  the  bulls  and  geldinj»>*, 
iough  they  are  slightly  smaller  and  less  Enduring. 


Fig.  1  .—Outline  Map  Showing  Govehnment  Reindeer  Stations  in  Alaska. 


A  phologniph  by  U.  h 
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The  Chukches  deer  cost  in  Siberia  about  $4  a  head  for  a  full-grown 
doe  or  bull.  The  fawns  born  in  Alaska  are  larger  and  heavier  than 
the  parent  stock.  The  Tunguse  deer  cost  nearly  $7.60  apiece.  By 
the  addition  of  the  Tunguse  breed  it  is  hoped  that  the  Alaska  stock 
will  be  improved  and  toughened. 

The  reindeer  cow  gives  about  one  teacupf  ul  of  very  rich  milk,  nearly 
as  thick  as  the  best  cream,  and  making  delicious  cheese.  Mixed  with 
a  little  water,  the  milk  forms  a  refreshing  drink.  The  Siberians  and 
Laplanders  save  the  blood  of  slaughtered  deer  and  serve  it  in  powdered 
form.     From  the  sinews  tough  thread  is  obtained. 

REINDEER   EXPRESS. 

The  Alaskan  reindeer  can  hardly  equal  the  speed  of  the  Lapland 
deer,  which  Paul  Du  Chaillu  *  describes  as  making  from  150  to  200 
miles  a  day,  and  sometimes  20  to  26  miles  down  hill  in  a  single  hour. 
A  pair  of  them  can  pull  a  load  of  600  to  700  pounds  at  the  rate  of  35 
miles  a  day  and  keep  it  up  weeks  at  a  time.  W.  A.  Kjellmann  drove 
his  .'f  *ndeer  express  one  wmter  05  miles  in  a  single  day. 

In  the  winter  of  1899  and  1900,  between  St.  Michael  and  Kotzebue, 
under  the  Arctic  Circle,  and  between  Eaton  and  Nome,  Alaska,  and 
in  the  winter  of  1901  and  1902,  between  Nome  and  Candle,  on  the 
Arctic  Ocean,  the  United  States  mails  were  carried  with  reindeer 
teams.  *  Upon  the  latter  route  the  teams  had  heavy  loads  of  passen- 
gers and  freight  and  made  the  distance  in  eight  days.  Dog  teams 
would  have  required  fifteen  to  twenty  days  for  the  trip. 

The  reindeer  can  travel  at  night  as  well  as  in  the  daylight,  and  thus 
during  the  long  arctic  night,  when  dogs  are  inefficient,  transportation 
ia  always  possible  with  a  reindeer  team. 

The  reindeer  make  good  packers  in  summer.  One  hundred  and 
fifty  pounds  is  a  fair  load.  They  also  can  be  ridden  in  the  saddle,  but 
not  with  much  comfort  until  the  rider  learns  how  to  adjust  himself. 
In  the  Tunguse  country  the  natives  use  their  deer  in  summer  an  we 
would  a  mule  or  horse.  It  is  no  tmcommon  sight  to  see  a  Tunguse 
trotting  along  the  shore  deerback. 

Lieutenant  Bertholf  describes  the  caravans  of  reindeer  sleds  in 
northeastern  Siberia.  Over  1,000  sleds  leave  Ola  during  the  winter 
in  cam  vans  of  about  100  each.  A  caravan  of  100  sleds  is  managed  by 
10  men.  Some  years  ago  the  Russian  Government  used  horses  on  the 
caravan  route  from  Ola  to  the  Kolima  River,  but  recentlv  substituted 
reindeer,  and  now  saves  $60,000  yearly  by  the  change. 

o  **The  Land  of  the  Long  Night,"  Paul  Du  Chaillu.     Charles  Scribner's  Sons. 

^  Since  the  above  was  written  the  United  States  Government  has  given  a  contract 
to  Mr.  S.  K.  Spriggs,  of  Point  Barrow,  Alaska,  to  carry  the  winter  mail  between 
Kotzebue  and  Barrow  with  reindeer  teams.  This  is  the  most  northern  mail  route 
by  land  in  the  world. 
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The  illustration,  Figure  2,  PL  VI,  shows  the  leaders  of  Lieutenant 
Bertholf  8  party  breaking  a  path  through  snow  that  reached  to  the 
belly  of  the  deer.  A  strong  wiry  deer,  unmounted,  was  driven  firtst. 
In  the  deep  snow  he  could  advance  only  by  jumps,  but  his  leaps  broke 
the  way  somewhat  for  the  next  few  deer,  who  were  also  unmounted. 
After  a  dozen  or  more  unmounted  deer  had  passed  by,  deer  ridden  by 
a  boy  and  girl  broke  the  path  still  f uiiher  until  deer  with  heavy 
loads  could  pass.  Lieutenant  Bertholf  in  this  way  broke  his  path  for 
160  miles  through  the  deep  snow.    . 

When  the  caravan  halts  the  deer  are  turned  out  to  pasture  untethered 
and  allowed  to  wander  as  th^y  will.  The  driver  uses  a  switch  to  touch 
up  the  slothful,  but  "some  of  the  old  deer  do  not  seem  to  mind  a 
switc»h  any  more  than  does  an  army  mule.'' 

The  illustration,  Plate  XI,  shows  a  number  of  reindeer  digging  up 
the  snow  with  their  powerful  hoofs  to  get  at  the  moss  }>eneath  the 
snow.  As  soon  as  spring  comes  the  deer  abandons  his  diet  of  moss, 
which  seems  to  })e  most  nutritive  in  winter,  for  willow  sprouts,  green 
gniss,  and  mushrooms.  The  hoof  of  the  reindeer  is  as  wide  as  that  of 
a  good-sized  steer  and  prevents  him  from  settling  down  into  damp 
snow  or  miry  soil. 

REINDEER   LOANED   BY   THE   GOVERNMENT. 

The  United  States  Government  loans  a  certain  number  of  the  rein- 
deer to  the  mission  stations,  or  to  individuals  who  have  shown  their 
ability,  reserving  the  right,  after  three  or  five  years,  of  calling  upon 
the  mission  station  or  the  individual  for  the  same  number  of  deer  as 
composed  the  original  herd  loaned.  In  1894  the  Congregational  mis- 
sion at  Cape  Prince  of  Wales  was  granted  the  loan  of  10()  deer.  The 
mission  has  since  paid  ba(»k  the  loan,  and  now  posse»sses  in  its  own 
right  1,()0()  head. 

A  few  of  the  herds,  notal>Iy  that  at  "Cape  Prince  of  Wales,  have 
grown  so  large  that  the  owners  are  able  to  kill  off  some  of  the  extra 
males  for  food  for  the  families  of  the  herders  and  to  sell  others  to  the 
butchers  in  the  neighboring  mining  camps.  Last  year  deer  for  slaugh- 
ter brought  at  some  of  the  mining  camps  from  $(50  to  $1(H)  each,  while 
for  male  deer  tmined  to  harness  miners  gave  as  much  as  $150  apiece. 
The  herders  at  this  same  station  earned  last  winter  Jp()()0  in  gold  for 
freighting  with  their  reindeer  to  the  mining  camps.  The  deer  were 
worked  in  dou})le  tmce  harness  like  horses,  and  hauled  on  sleds  7iH) 
pounds  each. 

Of  the  60  individual  owners  of  domestic  reindeer  in  Alaska  to-dav 
44  are  Eskimo.  Most  of  them  have  served  a  five-year  apprenticeship, 
and  having  earned  their  deer  are  competent  to  care  for  them. 

Ea«h  owner  has  his  own  individual  mark,  which  is  branded  on  the 
eft  or  right  ear  of  each  of  his  deer. 


® 


Travelino  with  Reindeer  in  Summea. 


Br£akino  a  Path  thhough  Deep  Snow. 

From  &  photngTSph  by  E.  P.  Bcnholl, 
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IMPORTANCE   OF    KEINDEER  TO   MISSION   STATIONS. 

The  Bureau  of  Education  hopes  that  in  time  each  mission  station  will 
possess  a  hei*d  of  at  least  5,000  head.  A  reindeer  herd  at  a  mission 
station  in  arctic  or  subarctic  Alaska  means,  savs  Dr.  Jackson: 

^' First.  The  permanence  of  the  mission.  Without  it  the  natives 
are  away  from  home  a  larger  portion  of  the  year  in  search  of  food, 
and,  since  the  advent  of  the  miners,  are  inclined  to  leave  their  homes 
and  congregate  in  the  American  villages  at  the  mines,  where  they  live 
by  begging  and  immorality  and  soon  disappear  from  the  face  of  the 
earth. 

'*  Second.  It  affords  the  missionary  the  opportunity  of  rewarding 
and  encouraging  those  families  that  give  evidence  of  being  teachable 
by  establishing  them  in  the  reindeer  industry,  and  thus  greatly  pro- 
moting their  material  interests. 

"'  Third.  With  the  increase  of  the  herd  it  becomes  a  source  of  reve- 
nue through  the  sale  of  the  surplus  males  at  remunerative  prices  to 
the  niiners  and  butchers.  In  a  few  years  this  revenue  shoula  be  suf- 
ficient to  entirely  support  the  mission  and  thereby  relieve  the  treasury 
of  the  central  missionary  society. 

''  Fourth.  The  possession  of  a  herd  insures  to  the  mission  family 
a  continuous  supply  of  fresh  meat.  This,  to  a  family  which  is  com- 
pelled to  live  largel}^  upon  salted  and  canned  meats  and  canned,  vege- 
tables, is  of  no  small  benefit,  promoting  their  comfort,  health,  and 
usefulness. 

''Fifth,  Reindeer  trained  to  harness  and  sleds  greatljMncrease  the 
efficiency  and  the  comfort  of  the  missionary  in  ministering  to  outhing 
native  settlements." 

REINDEER  FROM  LAPLAND. 

The  vast  majorit}^  of  the  Americiin  people  have  an  idea  that  the 
reindeer  experiment  in  Alaska  proved  a  failure  long  ago,  simply 
because  of  the  widely  julvortLsed  attempt  in  189H. 

In  December,  1897,  rumors  were  started  that  American  miners  in 
the  Yukon  Valley  were  in  danger  of  starvation.  Congress  appropri- 
ated a  large  sum  for  their  relief,  and  commissioned  Dr.  Sheldon  Jack- 
son to  go  to  Norway  and  Sweden  to  purchase  500  reindeer  broken  to 
the  harness,  with  sleds,  harness,  and  drivers,  for  hauling  supplies  from 
the  head  of  hynn  Canal  to  the  destitute  miners,  1,000  miles  away. 

Dr.  Jackson  reached  Bosekop,  Lapland,  in  Januarv,  purchased  626 
ti'ained  deer,  gathered  (58  Lapp  drivers  with  their  families,  embarked 
them  all  on  one  ship,  and  sailed  for  New  York  from  Trondhjem  Feb- 
ruary 4.  Only  one  deer  died  on  the  voyage  of  twentj'-four  days, 
though  the  trip  was  a  most  tempestuous  one,  and  the  deer  in  pens  on 
the  deck  were  drenched  day  and  night  by  the  seas  that  broke  over 
theuL  At  New  York  special  trains  met  the  expedition  and  ciirried 
them  across  the  continent  to  Seattle  without  the  loss  of  a  single  deer. 
Then  the  troubles  began.  The  supply  of  moss  brought  from  Norway 
became  exhausted,  and  the  deer  did  not  like  the  grass  of  Seattle.     There 
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was  delay  in  securing  a  vessel  to  transport  the  expedition  to  the  head 
of  Lynn  Canal,  and  further  delays  at  Lynn  Canal  and  no  moss  to  he 
found  there. 

Nearly  300  of  the  reindeer  died  of  starvation  after  reaching  the  coast 
of  Alaska,  because  of  the  failure  of  the  Government  to  have  readv 
suitable  arrangements  for  pushing  the  herd  from  the  seashore  to  the 
moss  fields  at  the  head  of  Chilkat  River,  50  miles  distant.  The  remain- 
ing 200,  weakened  by  starvation,  were  driven  to  the  Yukon  Valley  by 
easy  stages,  and  the  relief  expedition  was  abandoned,  but,  fortunately, 
not  before  the  country  had  learned  that  the  miners  in  the  Yukon  had 
abundant  supplies  and  that  the  relief  expedition  had  been  unnecessaiy. 
The  Laplanders  who  had  been  brought  over  were  distributed  among 
the  reindeer  stations  and  employed  to  teach  the  natives. 

This  expedition  to  Lapland  was  in  no  way  connected  with  the  gen- 
eral plan  of  introducing  domestic  reindeer  into  Alaska.  The  reindeer 
procured  by  it  were  all  geldings  trained  to  harness.  The  reindeer  f  or 
breeding  purposes  have  all  been  brought  from  Siberia. 

RELIEF  OF  WHALERS  AT  POINT   BARROW. 

The  first  forcible  realization  of  the  wisdom  of  the  Government  in 
stationing  reindeer  herds  in  Alaska  came  to  the  American  people  in 
the  winter  of  1897-98.  In  the  fall  of  1897  word  was  received  that 
eight  whaling  ships  had  been  imprisoned  in  the  ice  near  Point  Barrow, 
and  that  the  400  American  seamen  aboard  were  stranded  without  food 
for  the  long  winter  till  the  ice  should  open  in  Jul}\  No  vessel  of 
relief  could  get  within  2,000  miles  of  the  party,  or  nearer  than  Denver 
is  to  Boston.  There  was  no  known  method  by  which  provisions  could 
be  dragged  overland.  If  the  Government  had  not  five  years  before 
commenced  the  introduction  of  the  reindeer,  most  of  these  400  men 
would  have  starved  to  death  before  help  reached  them.  Fortunatel}-, 
there  were  large  herds  of  reindeer  at  Cape  Nome  and  at  Cape  Rodney, 
over  1,000  miles  by  land  from  Point  Barrow,  or  farther  than  Chicago 
is  from  New  York.  The  Government  hurried  the  revenue-cutter  Bear'* 
north  from  Seattle,  carrying  three  brave  volunteers — Lieut.  David  H. 
Jarvis,  Lieut.  Ellsworth  P.  Bertholf,  and  Dr.  Samuel  J.  Call.  The 
three  men  were  landed  December  16, 1897,  at  Cape  Vancouver,  obtained 
some  dog  teams  from  the  natives,  and  commenced  their  dreary  journey 
of  2,000  miles  through  the  arctic  night  to  Point  Barrow.  They  collected 
about  450  reindeer  from  the  herds  at  Rodney  and  Nome,  and  then,  with 
reindeer  instead  of  dog  sleds,  and  with  Mr.  W.  T.  Lopp,  agent  of  the 
American  Missionar}'  Society  at  Cape  Prince  of  Wales,  and  Charley 

«For  twenty  years  the  revenue-cutter  Bear  has  been  engaged  in  Arctic  work.     It 
Uas  saved  the  lives  of  hundreds  of  wrecked  whalers,  and  contributed  more  to  the 
omfort  and  safety  of  the  settlemente  along  the  Alaskan  coast  than  any  vessel  in  the 
rvice. 


REINDEER   IN    ALASKA.  621 

Arisartook,  a  native,  and  several  herders,  they  pushed  on  through 
the  storms  and  bitter  cold  of  an  arctic  winter,  driving  the  deer  before 
them.  After  a  journey  of  three  months  and  twelve  days,  on  March 
29,  1898,  they  reached  the  destitute  whalers,  just  in  time  to  save  them 
from  great  suffering  and  death. 

In  heroism,  pluck,  and  endurance  the  journey  of  these  men  has 
rapeljr  been  equaled.  Congress  voted  its  thanks  to  the  gallant  res- 
cuers and  awarded  them  special  medals  of  honor,  but  in  the  excite- 
ment aroused  throughout  the  country  by  the  rapid  succession  of  events 
of  the  Spanish-American  war  their  work  was  almost  unnoticed. 

Since  that  time  a  reindeer  herd  has  been  kept  at  Point  Barrow,  so 
there  is  no  longer  danger  of  ice-imprisoned  whalers  perishing  from 
starvation.  The  experience  also  showed  the  faithfulness  of  the 
Eskiijpo.  Mr.  Lopp  had  left  his  wife  at  the  station,  the  only  white 
person  among  400  natives,  but  during  his  absence  of  nearly  five 
months  she  received  nothing  but  constant  courtesy  and  kindness  from 
them. 

DEVELOPMENT  OF  ARCJTIC  AND   SUBARCTIC  ALASKA   DEPENDENT   ON  THE 

BEINDEEB. 

The  original  motive  in  bringing  the  reindeer  to  Alaska  was  purely 
philanthropic — to  give  the  native  a  permanent  food  supply. 

Since  then  the  discovery  of  large  and  valuable  gold  deposits  upon 
the  streams  of  arctic  and  subarctic  Alaska  has  made  the  reindeer  a 
necessity  for  the  white  man  as  well  as  for  the  Eskimo.  Previous  to 
the  discovery  of  gold  there  was  nothing  to  attract  the  white  settler  to 
that  desolate  region,  but  with  the  knowledge  of  valuable  gold  deposits 
thousands  will  there  make  their  homes,  and  towns  and  villages  are 
already  springing  into  existence. 

But  that  vast  region  north  of  the  arctic  circle,  with  its  perpetual 
frozen  subsoil,  is  without  agricultural  resources.  Groceries,  bread- 
stuffs,  etc.,  must  be  procured  from  the  outside.  Steamers  upon  the 
Yukon  can  bring  food  to  the  mouths  of  the  gold-bearing  streams,  but 
the  mines  are  often  many  miles  up  these  unnavigable  streams.  Already 
great  difficulty  is  experienced  in  securing  sufficient  food  by  dog-train 
transpottation  and  the  packing  of  the  natives.  The  development  of 
the  mines  and  the  growth  of  settlements  upon  streams  hundreds  of 
miles  apart  necessitate  some  method  of  speedy  travel.  A  dog  team  on 
a  long  journey  will  make  on  an  average  from  15  to  20  miles  a  day,  and 
in  some  sections  can  not  make  the  trip  at  all,  because  they  can  not 
carry  with  them  a  sufficient  supply  of  food  for  the  dogs,  and  can  pro- 
cure none  in  the  country  through  which  they  travel.  To  facilitate 
and  render  possible  frequent  and  speedy  communication  between  these 
isolated  settlements  and  growing  centers  of  American  civilization, 
where  the  ordinary  roads  of  the  States  have  no  existence  and  can  not 
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be  maintained,  except  at  an  enormous  expense,  reindeer  teams  that 
require  no  beaten  road.s,  and  that  at  the  close  of  a  day's  work  can  be 
turned  loose  to  forage  for  themselves,  are  essential.  The  introduction 
of  reindeer  into  Alaska  makes  possible  the  development  of  the  mines 
and  support  of  a  million  miners. 

The  reindeer  is  to  the  far  north  what  the  camel  is  to  desert  regions, 
the  animal  which  God  has  provided  and  adapted  for  the  peculiar, 
special  conditions  which  exist.  The  greattM*  the  degree  of  cold, 
the  better  the  reindeer  thrives.  Last  winter  a  party  with  a  reindeer 
team  made  a  day's  journey  with  the  tempei*ature  at  78^  l)eIow  zero. 
On  a  long  journey  through  an  uninhabited  country  a  dog  team  can 
not  haul  sufficient  provisions  to  feed  themselves.  A  deer  with  200 
pounds  on  the  sled  can  travel  up  and  down  the  mountains  and  over  the 
plains  without  a  road  or  trail  from  one  end  of  Alaska  to  the  pther, 
living  on  the  moss  found  in  the  country  where  he  tmvels.  In  the  four 
months'  travel  of  2,000  miles,  from  Port  Clarence  to  the  Kuskokwim 
Valley  and  back,  l)y  Mr.  W.  A.  Kjellmann  and  two  Lapps,  with  nine 
sleds,  1896-97,  the  deer  were  turned  out  at  night  to  find  their  own 
provisions,  except  upon  a  stretch  of  the  Yukon  Valley  below  Anvik,  a 
distance  of  40  miles. 

The  great  mining  interests  of  central  Alaska  can  not  realize  their 
fullest  development  until  the  domestic  reindeer  are  introduced  in  suf- 
ficient numbers  to  do  the  work  of  supplying  the  miners  with  provi- 
sions and  freight  and  giving  the  miner  speedy  communication  with 
the  outside  world. 

The  reindeer  is  equally  important  to  the  prospector.  Prospecting 
at  a  distance  from  the  base  of  supplies  is  now  impossible.  The  pros- 
pector can  go  only  as  far  as  the  100  pounds  of  provisions,  blankets, 
and  tools  will  last,  and  then  he  must  return.  With  ten  head  of  rein- 
deer, which  he  can  manage  single  handed,  packing  100  pounds  each^ 
making  half  a  ton  of  supplies,  he  can  go  for  months,  penetrating 
regions  hundreds  of  miles  distant. 

FUTURE   OF   REINDEER   INDUSTRY. 

Even  if  no  more  reindeer  are  imported  from  Siberia,  if  the  present 
rate  of  increase  continues,  doubling  every  three  years — ^and 
there  is  no  reason  why  it  should  not — within  less  than  twenty-fiv^e 
years  there  will  be  at  least  1,000,000  domestic  reindeer  in  Alaska. 
This  is  a  conservative  estimate  and  allows  for  the  deer  that  die  from 
natural  causes  and  for  the  many  that  will  be  slaughtered  for  food. 
In  thirty-five  3'ears  the  number  may  reach  nearly  10,000,000  head  and 
Alaska  will  be  shipping  each  year  to  the  United  States  anywhere 
from  500,000  to  1,000,000  reindeer  carcasses  and  thousands  of  tons  of 
delicious  hams  and  tongues.  At  no  distant  day,  it  may  be  safely 
predicted,  long   reindeer   trains  from   arctic   and  subarctic  Alaska 
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will  roll  into  Seattle  and  our  most  we^^stern  cities  like  the  great  cat- 
tle trains  that  now  every  hour  thunder  into  the  yards  of  Chicago. 
Before  the  end  of  the  present  centurj-  Alaska  will  In*  helping  to  feed 
the  2W,000,(XM)  men  and  women  who  will  then  lx»  living  within  the 
present  borders  of  the  United  States. 

REF£REyc£s. — For  further  infoniiation  on  the  intnxiuctioii  of  domes'tic  reintJeer  into 
Alaska,  consult  the  annoal  reports  of  Sheldon  Jack»)n,  LL.  D.,  general  agent  of  eilu- 
i-ation  in  Alaska,  for  1891-1902.  The  reports  ix)ntain  much  interesting  matter  al)Out 
Alaska  as  well.  They  may  Ix?  obtained  from  the  sui)erintendent  of  public  docu- 
ments, Washington,  D.  C,  for  a  small  sum. 

Special  mention  may  he  made  of  the  following  articles  included  in  the  rejx>rts: 

**  Domesticated  Reindeer,  with  Notes  on  the  Habits  and  Customs  of  the  Eskimo 
and  Life  in  Arct-ic  Alaska,'*  including  many  quaint  native  drawings,  by  Miner  W. 
Bruce,  pp.  25-117,  1893. 

"The  Itinerary  of  1895"  (describes  a  tour  of  inspection),  by  Dr.  William  Hamil- 
ton, assistant  general  agent  of  eilucation  in  Alaska,  pp.  21-41,  1895. 

"Report  of  Wm.  A.  Kjelhnann  Describing  a  Trial  Trip  of  2,000  Miles  with  Nine 
Reindeer  Sleds,"  pp.  41-71,  1897.  ^ 

"The  Lapland  Reindeer  Expedition  of  1898,"  pp.  32-46,  1898. 

**Expe<iition  to  Siberia,"  by  Lieut.  E.  P.  Bertholf,  describing  the  purchase  of 
Tunguse  reindeer  in  Siberia,  pp.  130-168,  1901. 

"Reindeer  in  Siberia,"  pp.  16S-175,  1901. 

Mention  should  also  l^e  made  of: 

"The  Cruise  of  the  U.  S.  Revenue  Cutter  Bear  and  the  Overland  Expedition  for 
the  Relief  of  the  Whalers  in  the  Arctic  Ocean,  November  27,  1897,  to  September  13, 
1898,"  including  reports  of  Lieut.  D.  H.  Jar\is,  Lieut.  E.  P.  Bertholf,  and  Surg.  S.  J. 
Call.     Government  Printing  Office,  1899. 

"Commercial  Alaska  in  1901,"  by  Hon.  O.  P.  Austin,  Bureau  of  Statistics,  Treasury 
Department,  pp.  3985-3989. 
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A  MARINE  UNIVERSITY. 


By  W.  K.  Gregory, 

Assistant  to  Prof,  H.  F.  Osbom,  of  the  American  Museum  of  Natural  History ^  Xew  York. 


[Wiiile  the  plan  of  this  article,  and  esj^ecially  the  introductory  and  concluding 
paragraphs,  is  original,  the  rest  is  largely  adapted  and  extracted  from  an  article  in 
Harper's  Monthly  Magazine  for  March,  1902,  by  Professor  Osborn,  for  some  time 
president  of  the  trustees  of  the  Marine  Biological  Laboratory,  sui)plemented  by 
extracts  from  the  ninth  report  of  the  Marine  Biological  Laboratory  for  the  years 
1896-1899,  and  from  Prof.  E,  G.  Gonklin's  article  in  Science,  March  2,  1900.] 

The  prevailing  spirit  at  Woods  Hole  is  the  spirit  of  exploration. 
The  pure  delight  of  discovery  sustained  Darwin  in  his  classic  voyage 
on  the  Beagle  and  Huxley  in  his  cruise  on  the  Batth^anake,  These 
great  names  indorse  the  statement  that  even  in  themselves,  from  the 
simple  natural  history  standpoint,  the  phenomena  of  marine  life  are 
worthv  of  intimate  and  ardent  studv.  But  Darwin  is  forever  famous 
not  chiefl}^  for  his  life-long  natural  history  observations,  but  for  the 
grand  theory  gleaned  therefrom — the  theory  of  evolution  by  means  of 
natural  selection;  and  the  most  enduring  monuments  to  Huxley  are 
not  only  his  brilliant  contributions  to  systematic  zoology,  but  espe- 
cially his  clear  statement  of  all  life  phenomena  as  essentially  protoplasm 
phenomena.  Accordingly  the  spirit  of  exploration  at  Woods  Hole 
manifests  itself  in  the  simultaneous  pursuit  of  {a)  natural  history  and 
evolution,  and  {b)  biology,  the  study  of  the  nature  of  life  itself  as 
found  in  protoplasm. 

The  enthusiasm  for  natural  history  at  the  Marine  Biological  Lalx)- 
ratory  is  in  part  an  inheritance  from  Louis  Agassiz,  who  may  be 
considered  in  a  sense  as  its  founder.  With  Carl  Vogt,  of  Geneva, 
Huxley,  Dohrn,  and  other  great  naturalists,  Agassiz  realized  the 
important  results  which  would  flow  from  the  study  of  marine  life  in 
the  living  and  fresh  condition  afforded  only  by  a  close  proximity  to 
the  seashoi^.  This  idea  happily  culminated  in  1870,  when  Prof.  Anton 
Dohrn  founded  the  beautiful  and  resourceful  station  of  Naples — the 
great  Mecca  of  all  students  of  marine  life. 

Agassiz  brought  with  him,  therefore,  to  America,  along  with  his 
other  enthusiasms   that  for  marine   stations.     In  1873  an  eloquent 
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addres-s  of  .hi«  c«ii|^ht  the  eye  of  a  New  York  merchant^  Mr.  John 
Anderson.     Our  first  seaside  laboratory  was  established  on  the  little 
island  of  Penikese,  off  the  coa.st  of  Massachusetts,  and  for  one  mem- 
orable season  a  ^roup  of  men  who  have  since  exerted  a  profound 
influence  upon  natural  historj'  worked  under  this  inspiring  master. 
All  have  become  leaders,  but  notably  A.  Agassiz,  Brooks,  Jordan, 
Lyman,  Mayer,  Morse,   Putnam,  Whitman,  and  Wilder.      "Study 
nature,  not  books'"  and  other  mottoes  embodying  Agassiz'^s  Socratic 
theory  of  teaching  zoology   adorned  the  walls  of   this   plain   pine 
building,  and  have  fortunately  been  preserved  to  perpetuate  their 
influence  at  Woods  Hole.     After  a  second  season,  following  the  death 
of  Agassiz  in  December,  1873,  this  laboratory,  somewhat  too  isolated^ 
as  it  proved,  was  abandoned.     All  the  credit  for  reviving  the  work 
belongs  to  Boston,  especially  to  a  number  of  ladies,  who,  in  financial 
cooperation  with  Professor  Hyatt  and  the  Boston  Society  of  Natural 
History,  founded  a  new  laboi*atory  at  Annisquam,  which  in  1888  was 
finally  transplanted  to  Woods  Hole.     With  Prof.  C.  O.  Whitman, 
one  of  the  distinguished  pupils  of  Agassiz,  as  its  director,  and  with 
the  Penikese  mottoes  upon  its  walls,  we  may  thus  consider  Woods 
Hole  as  the   offspring  of  the  Anderson   school.     Prof.   Charles  L. 
Minot,  of  Harvard,  and  Mr.  Edward  G.  Gardiner,  of  Boston,  have 
been  active  in  its  support.     But  the  administration  has   gradually 
become  thoroughly  national  in  character,  including  representatives  of 
all  the  larger  Eastern  and  Western  universities. 

Almost  midway  between  the  island  of  Marthas  Vineyard  and  the 
mainland,  and  separating  Buzzards  Bay  from  Vineyard  Sound,  is  the 
long  chain  of  the  Elizabeth  Islands,  which  are  strung  out  from 
the  southwestern  extremity  of  Cape  Cod.  Woods  Hole  is  situated  at 
the  apex  of  this  extremity  and  just  at  the  beginning  of  the  chain.  Of 
all  points  along  the  coast  this  is  the  best  adapted  physically  for  a  sea- 
shore laboratory.  About  ten  years  after  the  abandonment  of  Penikese, 
Spencer  F.  Baird  selected  this  spot  after  having  investigated  almost 
every  available  point  on  the  Atlantic  coast  Here  he  succeeded  in 
establishing  the  splendid  station  of  the  United  States  Fish  Commission, 
with  its  fleet  of  vessels  arid  extensive  laboratory  facilities,  designe<l 
for  the  investigation  and  artificial  culture  of  all  edible  forms  of  sea 
life,  and  a  sympathetic  and  active  factor  in  the  prosecution  of  pure 
scientific  research.  This  national  station  under  the  administi*ation  of 
Goode,  Bumpus,  and  others  has  been  a  resourceful  and  willing  ally 
of  the  biological  laboratory. 

The  natural  advantages  of  Woods  Hole  deserve  especial  emphasis. 
The  waters  of  Buzzards  Bay  and  Vineyard  Sound  arc  of  exceptional 
purity.  In  the  immediate  vicinity  of  Woods  Hole  are  nimierous  har- 
bors and  lagoons,  with  muddy,  sandy,  or  rocky  bottoms,  while  the 
coast  is  so  broken  by  bays,  promontories,  stmit^,  and  islands  as  to 
afford  the  most  varied  environments  for  marine  life.     In  addition  the 
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tide  currents  which  sweep  in  through  the  "hole"  bring  in  multitudes 
of  floating  animals  and  plants,  many  of  which  are  tropical  forms,  car- 
ried in  from  the  Gulf  Stream,  which  is  distant  only  about  100  miles. 
The  proximity  of  the  Gulf  Stream  to  this  portion  of  the  New  England 
coast  gives  a  laboratory  located  at  this  jwint  many  of  the  advantages 
of  a  tropical  station  without  any  of  the  accompanying  disadvantages. 
There  are  also  many  fresh-water  ponds  and  lakes  in  the  vicinity  which 
contain  a  rich  fauna  and  flora. 

In  these  ideal  collecting  grounds  the  trained  investigator  naturally 
finds  abundant  and  widely  varying  material,  and  the  beginner  in  zool- 
ogy, during  the  frequent  exciirsions  which  form  so  prominent  a 
feature  of  the  instruction,  sees  something  under  natural  conditions 
of  the  teeming  life  of  the  shore  and  of  shallow  water,  of  the  delicate 
fauna  found  on  spiles  and  floating  timbers,  and  of  the  products  of 
the  dredge  and  dmg  net.  It  is  under  such  circumstances  that  one  enthu- 
siastically realizes  the  meanings  of  various  structures  made  out  in  the 
dissecting  pan  in  the  lal)oratory,  and  the  nicety  of  the  adaptations  of 
each  animal  to  the  conditions  under  which  it  lives.  Much  of  the  col- 
lecting is  carried  on  in  the  steam  launch  Sagitta^  suggestively  named 
after  a  swift-swimming  marine  worm  of  arrow-like  shape. 

The  naturalist  and  the  student  are  also  fortunate  in  the  material 
and  educational  equipments  of  the  laboi^atory.  It  is  true  that  in  con- 
trast with  the  beautiful  Renaissance  building  at  Naples  our  gra}'^- 
shingled  laborator}'  buildings  seem  somewhat  barn-like  externally. 
However,  this  is  not  incompatible  with  the  true  scientific  spirit  of 
"plain  living  and  high  thinking."  Certainly  the  very  best  equipment 
and  facilities  that  ingenuity,  stimulated  by  necessity,  can  provide  is 
most  generously  devoted  to  the  advancement  of  science.  Fifty  private 
rooms,  for  example,  are  reserved  each  3'ear  for  independent  investiga- 
tors, and  these  are  free  of  expense. 

Under  the  heading  "equipment"  one  should  briefly  touch  upon  the 
department  of  supply,  the  museum,  and  the  librar}',  and  especially 
uix)n  some  of  the  various  courses  of  instruction. 

The  department  of  supply  was  established  in  order  to  make  accessi- 
ble to  teachers  and  others  at  a  distance,  who  desire  to  obtain  material 
for  study  or  class  work,  the  products  of  the  teeming  collecting  grounds 
at  Woods  Hole.  All  the  types  genei-ally  used  in  both  zoological  and 
botanical  instruction,  such  as  alga;,  sponges,  hydroids,  starfishes,  sea 
urchins,  marine  worms,  crustaceans,  mollusks,  smaller  marine  verte- 
brates, etc.,  as  well  as  mounted  sets  of  seaweeds,  are  kept  in  stock. 
A  special  laboratory  for  this  department,  supplied  with  salt  and  fresh 
water  for  aquaria,  has  been  prepared,  and  a  curator  appointed  to  keep 
the  department  open  throughout  the  year.  The  department  is  also 
securing  materials  for  the  museum,  illustrating  the  fauna  and  floi-a  of 
the  surrounding  waters  and  country.  There  is  a  rapidly  growing  col- 
lection of  dissections  largely  prepared  by  the  classes   in   zoology, 
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another  collection  of  niieroucopical  {^reparations,  and  finally  an  herba- 
rium. All  who  have  taught  or  studied  biology  do  not  need  to  be  told 
the  immense  educational  value  of  these  collections.  The  library — in 
any  institution,  the  fount  to  which  all  constantly  repair — is  provided 
with  many  works  of  reference  and  the  more  important  journals  on 
zoology  and  botany ;  but  the  expansion  of  science  is  so  rapid  that  a 
library  of  this  kind  is  always  urgently  in  need  of  frequently  called-for 
titles. 

All  these  elaboi'ate  adjustments  for  studying  the  morphology  and 
evolution  of  marine  organisms  furnish  the  data  for  another  set  of 
studies,  above  alluded  to  under  the  term  "biology." 

In  his  famous  address  "On  the  physical  basis  of  life,"  Huxley  said: 

Thus  a  nutrleated  mass  of  protoplasm  tarns  out  to  be  what  may  be  termed  the 
structural  unit  of  the  human  body.  *  *  ♦  Beast  and  fowl,  reptile  and  fish,  mol- 
lusk,  worm,  and  polype  are  all  composed  of  structural  units  of  the  same  character, 
namely,  masses  of  protoplasm  with  a  nucleus.  *  ♦  *  Hence  it  appears  to  be  a 
matter  of  no  great  moment  what  animal  or  plant  I  lay  under  contribution  for  proto- 
plasm, and  the  fact  speaks  volumes  for  the  general  identity  of  that  substance  in  all 
living  beings. 

The  unity  of  protoplasm  is  the  ultimate  mson  d'etre  for  the  Woods 
Hole  laboratory.  In  the  protoplasm  of  a  polype  may  be  wrapped  up 
a  secret  of  vast  importance  to  the  welfare  of  the  human  race. 

This  is  the  thought  underhung  the  courses  in  comparative  physiol- 
ogy and  embryology,  as  shown  in  the  following  quotations:" 

*  *  *  It  is  our  problem  to  get  an  understanding  of  the  various  life  phenomena. 
It  happens  that  while  the  solution  of  one  physiological  problem  is  almost  impossible 
among  certain  vertebrates  or  certain  arthropods,  the  conditions  in  one  definite  arth- 
ropod or  in  an  ascidian,  or  some  otlier  animal  may  be  such  as  to  make  the  solution 
almost  self-evident.  In  the  various  forms  of  the  animal  kingdom  nature  has  prepared 
just  as  many  exi)eriments  as  we  might  wish  to  accomplish  by  our  vivisectional  method, 
but  without  the  disadvantages  of  that  methoil.  We  can,  for  example,  study  the 
automaticity  of  contractile  tissue  far  more  readily  in  the  pulsatile  bell  of  the  medusa 
than  in  the  vertebrate  heart.  In  the  medusa,  by  one  snip  of  the  scissors,  we  have  a 
contractile  tissue  deprived  of  nerves  without  elaborate  vivisection.  The  influence 
on  protoplasm  of  lack  of  oxygen  may  also  he  readily  studied  from  a  comparative 
standpoint.  Fnmi  the  chemical  transformations  going  on  in  lai^  masses  of  similar 
cells  the  inference  may  l>e  drawn  that  cells  deprived  of  oxygen  undergo  hydrolytic 
splittings  by  which  insoluble  l)odie8  may  become  soluble.  But  by  placing  various 
infusoria  or  developing  eggs  under  the  microscope  this  fact  may  with  ease  be  ren- 
dered visible.  The  membranes  and  more  solid  portions  of  the  infusorian  may  })e 
seen  to  dissolve  and  disappear,  leading  to  a  complete  disorganization  of  the  cell. 
*  *  *  It  may  truthfully  1x3  said  that  the  problem  of  heredity  is  one  of  the  most 
imjwrtant  problems  of  physiology  at  the  present  time.  The  reasons  why  a  given 
mass  of  cells  develo]>s  into  a  given  organ  of  a  certain  shape,  size,  and  position  can 
evidently  only  be  ascertained  by  exi)erimental  physiology.  The  study  of  the  phe- 
nomena of  development  and  organization  must  hence  form  a  part  of  any  coarse  in 
com ]>arat i  ve  ph y siology . 

"  Ninth  report  of  the  Marine  Biological  I^borator>',  1896,  199. 
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Accordingly,  we  learn,  about  two  weeks  of  the  course  are  devoted  to 
thisstud3\  The  experiments  deal  with  the  influence  of  various  factors 
in  the  environment  (light,  heat,  gravit}'^,  chemicals,  etc.)  and  in  the 
organism  which  deteimine  the  development  of  given  organs  and  the 
attainment  of  the  proper  animal  form;  with  regeneration  of  animals; 
with  the  influence  on  protoplasm  of  various  external  factors,  such  as 
lack  of  oxygen,  tempemture,  ion  effects,  and  so  on.  This  is  followed 
by  an  experimental  course  illustrating  tropisms/'  geotropism,  helio- 
tropism,  stereotropism,  chemotropism,  galvanotropism.  Among  the 
forms  studied  will  be  copepods,  worms,  limulus  larvjc,  aronicola  larvae, 
f undulus  and  arbacia  eggs,  the  shrimp,  etc. 

A  fourth  week  of  the  course  is  given  to  "the  study  of  the  compar- 
ative physiology  of  the  central  nerv^ous  system.  Phenomena  of 
automaticity,  coordination,  and  of  reflexes,  the  transmission  of  nerve 
impulses  independent  of  nerves,  and  reactions  to  injury,  will  be  illus- 
trated in  many  forms  of  life.  Unusual  facilities  are  offered  for  work 
of  this  character  owing  to  the  immense  number  and  variety  of  the 
animals  available.  *  *  *  In  the  compamtive  physiology  of  the 
blood,  the  corpuscles,  proteids,  and  respiratory  pigments  of  the  blood 
of  different  animals  are  studied,  together  with  the  comparative  physi- 
ology of  blood  clotting.  The  chief  forms  used  are  the  starfish,  sea- 
urchin,  Scycotypus,  lobster,  Limulus,  and  the  dogfish.  In  the  com- 
parative physiology  of  secretion  the  various  mechanisms  of  secretion 
will  be  illustrated  as  far  as  possible  b}'  the  glands  of  invertebrates."' 

As  an  example  of  the  problems  of  regeneration  mentioned  a])ove  we 
may  cite  the  following:  ''If  a  worm  normally  produces  a  hetul,  a 
series  of  segments,  and  a  tail,  what  will  happen  if  you  cut  the  worm 
in  pieces  and  then  graft  the  head  on  the  tail  end  \  Or  a  hermit  crab, 
fitted  into  its  conch  sheU,  and  well  known  to  rapidl\'  regenerate  its 
large  exposed  claws,  what  will  happen  if  you  cut  off  one  of  the 
apparently  useless  hidden  claws  which  have  been  lying  for  thousands 
of  generations  within  the  conch?"  The  purposive  quality  in  living 
things,  the  apparent  determination  to  overcome  all  obstacles  and  attain 
an  end  is  best  illustrated  in  the  remarkable  experiments  of  the  above 
kind,  in  which  Prof.  T.  H.  Morgan  has  liecome  a  leader  in  this  coun- 
try. These  have  culminated  in  his  recently  published  work,  Regen- 
eration, a  hopeful  and  optimistic  counteqwirt  of  Nordau's  pessimistic 
volume  upon  human  society.  The  moml  of  these  experiments  is 
briefly  expressed  in  Hamlet's  aphorism  "'There's  a  divinity  that 
ishapes  our  ends,  rough  hew  them  how  we  will,"  a  moral  so  strong 
that  quite  a  school  of  young  natural  philosophers  in  Germany  are 
reviving  the  older  teleological  and  vital istic  theory  of  living  things  as 
opposed  to  the  chemical  and  mechanical  theory. 

o  A  tropiBDi  is  the  tendency  ehown  by  an  organimn  to  react  in  a  detinite  way  to 
certain  external  stimuli,  af<  of  sun-light  (heliotropinm),  gravitation  (geotropinni), 
electricity  (galvanotropism),  etc. 
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Another  line  of  research  in  the  .solution  of  which  America,  thanks 
chiefly  to  E.  B.  Wilson,  (^onklin,  and  Mead,  is  an  acknowledged  leader, 
is  suggested  by  the  following  question:  If  a  developing  egg  (for  exam- 
ple, the  minute  and  delicate  little  surface-floating  egg  of  some  sea- 
urchin)  normally  divides  into  two,  four,  eight,  and  ad  infinitum  cells 
to  form  the  adult,  what  will  happen  if  you  shake  these  cells  apail  after 
the  first,  second,  etc.,  cleavage? 

The  initial  step  is  to  study  the  undisturbed  process  of  cell  division 
through  "cell  lineage/'  The  transfonnation  of  the  simple  fertilized 
egg  cell  is  always  accomplished  by  splitting  into  man\'  cells,  which 
ultimately  constitute  the  various  tissues.  It  is  obviously  a  matter  of 
great  interest  and  importance  to  trace  the  lineage  of  the  tissues  back- 
ward toward  the  undivided  egg.  This  has  been  done  to  such«an  extent 
that  we  can  designate  the  particular  cells  that  give  rise  to  the  outer 
covering  of  the  body,  to  the  nerves,  alimentary  canal,  and  to  the  repro- 
ductive and  germ  cells.  Very  early  in  the  history  of  the  embryo  the 
future  functional  and  structural  regions  are  marked  off,  and  there  is  a 
beginning  of  what  Spencer  termed  the  physiological  division  of  labor. 
Some  biologists  are  inclined  to  carry  this  back  still  further  into  the 
components  of  the  egg  itself. 

One  would  suppose  that  any  rude  disturbance  of  this  beautiful  pro- 
cess would  abruptly  terminate  life.  Quite  the  contrary;  the  general 
answer  to  all  such  questions  as  the  above  being  that  the  unexpected 
will  happen.  Out  of  the  patient  observation  of  the  unexpected,  how- 
ever, is  coming  the  i*ationale  of  the  life  processes. 

The  remarkable  general  result  has  been  obtained  that  upon  shaking 
apai't  the  segments  after  the  egg  has  divided  into  four  or  eight  part^, 
these  isolated  cells  do  not  die,  but  again  subdivide  and  form  a  lot  of 
twin  or  quadruplet  individuals,  as  the  case  may  be.  In  the  early 
experiments  of  this  kind  by  Wilson  and  others  each  separate  cell  pro- 
duced a  minute  but  entire  individual.  But  when  Cmmpton  happened 
to  I'epeat  the  experiment  on  certain  snails'  eggs,  the  main  result  was 
that  only  one-half  or  one-fourth  of  an  embrjo  snail  was  produced. 
In  sea-urchins,  in  which  shaking  also  produced  fractional  animals,  the 
missing  fractions  were  supplied  by  regeneration — another  very  strik- 
ing example  of  Hamlet's  aphorism. 

In  HHX),  Prof,  Jacques  Loeb  announced  the  remarkable  discovery 
that  in  starfishes  and  other  forms,  by  suitable  ti^itment  with  solu- 
tions, not  only  of  various  salts,  but  also  of  such  substances  as  sugar 
and  urea  unfertilized  eggs  may  give  rise  to  swimming  lar\'a\  This  dis- 
ct>very,  like  most  others  of  similar  i*hanicter,  was  the  natural  sequence 
of  experiments  which  had  starleil  lines  of  thought  in  this  direi*tion. 
Richanl  Herlwijf  in  lvS96,  in  Gernianv,  Iwid  *»hown  that  strvchnine 
starts  the  eggs  of  seai-ui-chius  on  the  i-our^^  of  develoiuiiont.  And 
MorsTiin,  U»tween  lStM>and  1SHH>,  at  Wood>  Hole,  had  shown  that  the 
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unfertilized  eggs  of  Arhacia^  a  sea-urchin,  when  treated  with  solutions 
of  sodium  and  magnesium  chlorides,  would  segment  and  advance  into 
nmch  later  stages  than  those  observed  by  Hertwig,  though  no  swim- 
ming embryos  were  produced.  Thus  to  Morgan  and  Loeb,  of  Woods 
Hole,  belong  a  large  share  of  the  credit  of  what  has  been  called  one  of 
the  most  epoch-making  discoveries  of  modern  times,  that  of  artificial 
fertilization. 

Parthenogenesis,  or  the  development  of  a  female  ^^%  without  the 
access  of  a  male  element  or  spermatozoon,  had  long  been  known 
among  various  lower  types  of  animals;  instances  are  to  be  found  in 
the  bees,  social  wasps,  Bomhyx  p»yche^  Daphnia,  plant  lice,  and  others. 
Here  was  a  case  of  artificial  parthenogenesis,  and  Loeb  was  led  to 
compare  these  natuml  and  artificial  phenomena,  reaching  the  conclu- 
sion that  fertilization  carries  into  the  Qgg  a  catalytic  substance  which 
accelerates  a  process  which  would  otherwise  proceed  too  slowly.  Thus 
fertilization,  from  having  a  purely  vital  aspect,  assumes  a  chemico- 
physical  aspect,  and  the  hitherto  mysterious  phenomena  of  partheno- 
genesis finds  a  partial  explanation. 

In  his  discussion  of  this  development  without  the  male  element, 
Loeb  says  it  has  an  important  bearing  upon  the  theory  of  life 
phenomena: 

If  we  succeed  in  finding  a  substance  which  accelerates  the  proceas  of  cell  division 
at  the  normal  temperature,  this  will  at  the  same  time  lead  to  a  suppression  or  reduc- 
tion of  the  antagonistic  process  that  shortens  life.  It  is  not  impossible  that  **  natural 
death"  is  comparable  to  the  situation  on  the  mature  egg  after  it  leaves  the  ovary. 
Nature  has  shown  us  the  way  by  which  at  this  critical  point  death  can  be  avoided 
in  the  case  of  the  egg. 

It  is  safe  to  prophesy  that  the  bearing  of  these  and  similar  discov- 
eries on  medicine  and  pathology  will  be  no  less  important  than  the 
experiments  of  Pasteur  on  bacteria. 

The  effects  of  different  solutions  upon  the  development  of  the  egg  is 
illustrated  by  an  experiment  conducted  by  nature  herself:  Brancldppus 
stagnalk  is  a  fresh-water  crustacean,  which,  if  i*aised  in  concentrated 
salt  solutions  (salt  lakes),  becomes  smaller,  undergoes  some  other 
changes,  and  transforms  into  a  species  which  has  been  known  as 
Arteniia  saliria^ — a  classic  case  of  transformation  under  the  action  of 
external  conditions,  fifst  observed  by  Schmankewitsch.  This  observer 
kept  Arteitua  in  salt  water,  which  he  constantly  diluted  bj'  adding 
fresh  water  until  at  last  it  was  perfectly  fresh;  the  crustaceans  liad 
meanwhile  gone  through  several  generations,  and  had  gradually  so 
completely  changed  their  characters  that  finally  thej^  acquired  those  of 
the  genus  Branchippus, 

The  artificial  process  has  been  erroneously  spoken  of  in  the  press  as 
* '  chemical "  fertilization.  The  single  fact  that  Dr.  Al l>ert  Mathews  has 
bc^en  able  to  initiate  development  by  the  shaking  of  the  ^gg  indicates 


632  A    MARINK    UNIVEBSITY. 

that  artificial  fertilization  is  aa  much  phj'sical  as  chemical.  Mead, 
Conklin,  and  many  others,  following  the  Belgian,  French,  and  German 
schools,  had  long  been  studying  the  internal  changes  in  natural  ferti- 
lization, and  as  a  sequel  to  these  discoveries  are  the  recent  researches 
and  experiments  of  Prof.  Edmund  B.  Wilson  on  the  changes  which  go 
on  in  the  egg  after  artificial  fertilization.  These  were  presented  before 
the  International  Zoological  Congress  at  Berlin  and  attracted  much 
attention.  The}-  show  that  the  unfertilized  egg^  by  the  addition  of 
magnesium  salts,  is  able  to  create  a  complete  mechanism  of  cell  division. 
But  under  this  unaccustomed  stimulus,  in  the  words  of  Wilson,  ''they 
manifest  a  multitude  of  aberrations  which  constitute  a  veritable 
carnival  of  development,  which  one  can  hardly  witness  without  a  sense 
of  amazement."  These  aberrations  are  of- high  interest  on  account  of 
the  side  light  they  throw  on  many  debated  problems  of  normal  cell 
function  and  structure. 

The  value  of  all  these  observations  hinges,  of  course,  upon  the 
essential  unity  of  protoplasm  throughout  the  animal  kingdom;  as  in 
Huxley's  prophecy,  whatever  applies  to  the  protoplasm  of  sea-urchins 
wo  may  be  sure  applies  in  some  degree  to  the  protoplasm  which  con- 
stitutes the  basis  of  human  life. 

The  life  and  the  social  congress  at  Woods  Hole  are  almost  as  varied 
as  the  problems  investigated  there.  School  teachers  from  all  over  the 
Union,  students  from  the  smaller  inland  colleges  and  the  largest  uni- 
versities, young  aspirants  for  the  doctor's  degree,  older  men  of  inter- 
national reputation  in  botanj^  zoology,  physiolog}^,  psjxhologj^,  all 
come  under  the  magnetism  of  the  ''M.  B.  L.,"  as  it  is  familiarly 
known.  Work  is  not  too  strenuous,  it  is  tempered  by  the  undercur- 
rent of  the  feeling  that,  after  all,  this  is  summer  vacation  time  and 
one  must  not  be  too  serious.  In  fact,  at  Woods  Hole,  as  with  our 
English  and  continental  scientific  brethen,  life  is  well  balanced  and 
altogether  reasonable  while  no  less  productive. 

Among  the  things  evidently  of  supreme  value  in  the  modern  univer- 
sity are:  the  traditions  and  history  of  the  institution;  its  appropriate 
location  and  housing;  the  availability  of  the  sources  and  instruments 
of  knowledge;  the  presence  of  a  cosmopolitan  assemblage  of  the  stu- 
dents and  teachers  of  numerous  sciences — all  of  which,  we  have  seen, 
constitutes  the  chaiin  of  our  "marine  university," 
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John  Wesley  Powell  was  born  March  24,  1834,  at  Mount  Morris, 
N.  Y.  He  died  September  23,  1902,  at  his  summer  home  in  Haven, 
Me.  He  was  married  in  1862  to  Emma  Dean,  of  Detroit.  His  wife 
and  daughter,  an  only  child,  survive  him. 

His  parents  were  English,  having  reached  this  country  only  a  few 
years  before  his  birth.  His  father  was  a  Methodist  preacher  and  soon 
removed  from  New  York,  living  successively  in  Ohio,  Wisconsin,  and 
Illinois.  His  father's  occupation  took  him  much  from  home,  and 
upon  the  son,  while  yet  a  boy,  devolved  the  dut}^  of  conducting  the 
farm  from  which  the  family  derived  its  pinncipal  support.  Powell's 
early  schooling  was  that  ordinarily  olitainable  in  a  rural  community. 
His  later  education  was  largely  independent  of  schools,  but  he  attended 
Illinois  College,  at  Jacksonville,  111.,  for  a  short  time,  and  was  at 
Oberlin  College  two  years  pursuing  a  special  coui'se.  In  early  man- 
hood he  supported  himself  by  teaching,  being  at  the  same  time  a  hard 
student  and  pursuing  natuml  history  studies  with  enthusiasm.  He 
tmversed  portions  of  Wisconsin,  Illinois,  Iowa,  and  Missouri  on  foot, 
collecting  plants,  shells,  minerals,  and  fossils,  and  these  collections 
brought  him  into  relation  with  various  colleges  of  Illinois.  At  the 
outbreak  of  the  civil  war  he  enlisted  in  the  Twentieth  Regiment  of 
Illinois  Volunteers,  and  abruptly  changed  the  course  of  his  studies  to 
military  science.  His  successive  commissions  I'anged  from  second 
lieutenant  to  colonel,  but  the  rank  of  major  gave  the  title  by  which  he 
was  known  colloquially  in  later  years.  His  service  was  chieflv  with 
artillery,  but  some  of  his  most  important  work  was  of  a  character 
commonly  assigned  to  engineer  officers.  In  the  battle  of  Shiloh  he 
lost  his  right  arm,  and  the  resulting  physical  disabilitj"  affected  his  life 
in  important  ways.  On  the  one  hand,  the  wounded  arm  caused  him 
at  various  periods  much  pain,  and  thus  weakened  an  exceptionall}" 
strong  constitution.  On  the  other,  he  was  led  in  carh'  manhood  to 
employ  an  amanuensis,  and  the  resulting  freedom  from  the  mechan- 
ical factor  in  writing  was  a  distinct  advantage  to  his  literary  work. 

«  Revised  by  the  author  from  article  pnblisheti  in  S<dence,  Oi'tober  10,  liM)2. 
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At  the  close  of  the  war  he  promptly  returned  to  civil  life,  dropping 
the  study  of  military  science  as  abruptly  as  he  had  begun  it.  An 
attiuctive  opportunity  to  enter  political  life  was  declined  in  favor  of 
scientific  work.  He  became  professor  of  geology  at  Bloomington, 
HI.,  and  lecturer  on  geology  at  Normal,  111.  In  1867  he  organized  and 
led  the  first  important  geological  excursion  of  American  students, 
taking  a  party  of  16  to  the  mountain  region  of  Colorado.  This  was 
before  the  building  of  transcontinental  railways,  and  the  journey 
across  the  plains  was  long.  He  remained  among  the  mountains  as  an 
explorer  after  the  party  had  returned  E^t,  and  in  the  following  years 
organized  a  second  expedition  with  geologic  and  geogi'aphic  explora- 
tion and  research  as  its  chief  objects.  The  necessary  funds  were  fur- 
nished by  various  educational  institutions  in  Illinois,  and  Congre.s- 
sional  authority  was  obtained  for  supplying  the  party  with  provisions 
from  the  military  posts  of  the  West.  His  expedition  wintered  west 
of  the  Rocky  Mountains  in  the  valley  of  White  River,  and  the  long 
period  thus  spent  in  a  permanent  camp  was  occupied  in  the  scientific 
study  of  Indians.  In  the  following  spring  four  boats  were  brought 
from  Chicago  to  the  point  where  the  newly  constructed  Union  Pacific 
Railway  croased  Green  River,  and  a  party  was  organized  for  the 
exploi-ation  of  the  canyons  of  the  Green  and  Colorado  rivers.  When 
this  work  was  begun  it  was  known  that  the  rivers  here  descend  in  a 
distance  of  700  to  1,000  miles  through  the  vertical  space  of  5,000  feet, 
coursing  most  of  the  way  between  unscalable  walls,  but  the  nature  of 
the  rapids,  cascades,  and  cataracts  by  which  the  water  falls  from  the 
upper  to  the  lower  level  was  altogether  unknown.  The  undertaking 
was  therefore  of  phenomenal  boldness  and  its  successful  accomplish- 
ment a  dramatic  triumph.  It  produced  a  strong  impression  on  the 
public  mind  and  gave  Powell  a  national  reputation  which  was  after- 
wards of  great  service,  although  based  on  an  adventurous  episode  b}' 
no  means  essential  to  his  career  as  an  investigator. 

The  voyage  through  the  canyons  was  a  reconnoissance  in  an  unex- 
plored area  and  led  to  the  organization  of  a  geographic  and  geologic 
survey,  for  which  appropriation  was  asked  and  obtained  from  Con- 
gress, the  work  being  initially  placed  under  the  supervision  of  the 
Smithsonian  Institution.  By  the  advice  of  Professor  Henry,  the  gath- 
ering of  ethnologic  data  was  made  a  leading  function  of  the  organiza- 
tion. In  1869  a  boat  party  began  a  second  voyage  through  the 
canyons,  the  plan  being  to  spend  two  years  in  their  mapping,  and  land 
parties  were  at  the  same  time  organized  to  cooperate  with  them.  The 
river  was  abandoned  as  a  base  of  operations  in  the  middle  of  the  sec- 
ond season,  but  the  land  work  continued,  with  progressive  develoj)- 
ment  of  plan^  for  a  period  of  ten  years.  About  the  middle  of  this 
period  the  study  of  the  problem  of  the  utilization  of  the  arid  region 
through  irrigation  and  otherwise  became  a  function  of  the  organiza- 
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tion,  and  a  special  investigation  was  made  of  the  water  suppl}'  of  the 
Territory  of  Utah. 

Of  parallel  growth  were  the  surveys  developed  under  the  initiative 
of  Dr.  Hayden,  Clarence  King,  and  Lieutenant  Wheeler.  Their  func- 
tions were  similar,  and  with  the  exception  of  the  work  by  King,  which 
had  a  definite  limit,  their  ambitions  included  the  exploration  and 
survey  of  all  the  western  domain  of  the  United  States.  They  thus 
became  rivals,  and  there  was  need  of  reorganization.  After  unsuc- 
cessful eiforts  to  arrange  for  the  partition  of  the  field  and  friendly 
cooperation  between  the  different  corps,  Powell  advocated  their  merg- 
ing into  a  single  bureau  of  the  Interior  Department,  and  it  was  largely 
through  his  initiative  that  the  work  was  finally  reorganized  in  1879. 
The  Powell,  Hayden,  and  Wheeler  surveys  were  abolished  and  the 
present  United  States  Geological  Survey  created,  Mr.  King  becoming 
by  presidential  appointment  its  first  director.  At  the  same  time  the 
Bureau  of  Ethnology  was  created  to  carry  forward  the  ethnologic 
work,  and  of  this  Powell  became  director.  The  Geological  Survey' 
was  made  a  bureau  of  the  Interior  Department,  and  the  Bureau  of 
Ethnology  was  attached  to  the  Smithsonian  Institution. 

The  study  of  water  suppl}'  in  relation  to  irrigation  led  to  the  con- 
clusion that  the  land  laws  of  the  United  States  were  ill  adapted  to  the 
conditions  obtaining  in  all  the  drier  portions  of  the  country,  and 
Powell  became  much  interested  in  the  legislative  problems  thus  arising. 
Partly  at  his  instance  a  commission  was  appointed  to  codify  the  land 
laws  and  recommend  such  modifications  as  seemed  to  l)e  required. 
Powell  gave  much  of  his  time  for  two  years  to  the  work  of  this  com- 
mission, and  a  comprehensive  report  was  prepared,  which,  however, 
led  to  no  legislation. 

In  1881  Mr.  King  resigned  the  directorship  of  the  Geological  Sur- 
vey, and  Powell  was  immediately  named  as  his  successor.  He  retained 
the  direction  of  the  Bureau  of  Ethnology  and  conducted  both  bureaus 
until  1894,  when  he  resigned  from  the  Geological  Survey.  During 
his  administration  the  work  of  the  Survey  was  greatly  enlarged,  espe- 
cially in  its  geographic  branch,  and  the  investigation  of  water  supply 
with  special  reference  to  utilization  for  irrigation  was  added  to  its 
functions. 

In  the  last  years  of  his  life  Powell  practically  relinquished  adminis- 
trative responsibility,  intrusting  the  management  of  the  Bureau  of 
Ethnology  to  his  principal  assistant,  Mr.  McGee,  and  devoting  his 
time  to  personal  studies,  which  passed  gradually  from  anthropology 
into  the  fields  of  psycholog}'  and  general  philosophy. 

In  summarizing  the  results  of  his  active  life  it  is  not  easy  to  separate 
the  product  of  his  personal  work  from  that  which  he  accomplished 
through  the  organization  of  the  work  of  othei"s.  He  was  extremely 
fertile  in  ideas,  so  fertile  that  it  was  quite  impossible  that  he  should 
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pei-Honally  develop  them  all,  and  realizing  this  he  gave  freely  to  his 
collalK)rators.  The  work  which  he  inspired  and  to  which  he  con- 
tributed the  most  important  creative  elements,  I  lielieve  to  be  at  least 
as  important  as  that  for  which  his  name  stands  directly  responsible. 
As  he  alwaj's  drew  about  him  the  best  ability  he  could  command,  his 
assistants  were  not  mere  elal)orators,  but  made  also  important  original 
contributions,  and  the  ideas  which  he  gave  the  world  through  others 
are  thus  so  merged  and  mingled  with  theirs  that  they  can  never  be 
separated.  If  we  count  the  inspiration  of  his  colleagues  as  part  of  his 
work  of  organization,  then  the  organization  of  researches  may  prop- 
erly be  placed  first  in  the  list  of  his  contributions  to  the  progress  of 
science.     Other  terms  of  the  list  pertain  to  the  fields  of  geology, 

V  physical  and  economic  geography,  anthropology,  and  philosophy. 

'^  The  creation  of  the  United  States  Geological  Survey  belonged  to  the 
logic  of  events  and  would  undoubtedly  have  taken  place  within  a  few  j^ears 
without  Powell's  assistance,  but  his  active  advocacy  hastened  the  change 
and  his  ideas  had  greater  influence  than  those  of  an}'  other  individual 
in  determining  the  mode  of  reconstruction  of  the  national  scientific 
work.  He  was  so  prominent  as  a  promoter  of  reorganization  that  when 
it  had  been  accomplished  he  felt  that  his  motives  might  be  impugned 
if  \w  ))ecAme  a  candidate  for  the  directorship  of  the  Survey,  and  he 
therefore  declined  to  have  his  name  presented.  It  is  pi'oper  to  add 
that  the  scheme  of  reorganization  which  he  advocated  was  not  adopted 
in  full.  His  plan  included  the  organization  of  three  bureaus  to  con- 
duct investigation  in  the  fields  of  geology,  geography,  and  ethnology, 

'   but  Congress  created  onlj-  two  bureaus,  leaving  geography  without 

I  special  provision.  The  work  of  geographic  mapping  was  taken  up  by 
the  (leological  Survey  as  a  means  for  providing  base  maps  for  the  use 
of  geologists,  and  thus  the  Survey  has  become  a  bureau  of  geography 
as  well  as  geology. 

Two  years  later,  when  Powell  succeeded  King  in  the  administration 
of  the  (xeological  Survey,  he  found  the  sulxiivision  of  the  work 
armnged  largely  on  geographic  lines.  There  were  branch  oflSces  at 
Denver,  Salt  Lake  City,  and  San  Francisco,  each  in  charge  of  a  chief 
who  directed  the  geologic  and  topographic  work  of  a  large  district. 
For  this  classification  Powell  gradually  substituted  one  based  upon 
function,  abolishing  the  districts  and  separate  offices  and  creating  divi- 
sions of  topography,  general  geology,  and  economic  geology,  coordi- 
nate wMth  divisions  of  paleontology,  physics,  and  chemistry.  A  i"eal  or 
geographic  chussification  was  still  used,  but  was  subordinated  to  a 
subject  dassifiaition. 

C-areful  attention  was  given  to  the  financial  system  of  the  Bureau, 
the  machiner}'  by  which  the  public  funds  were  paid  out  and  ac*counted 
for,  and  the  wisdom  of  this  attention  was  afterwaixls  fully  justifie<l. 
When   iu  later  3'ears  the  aifaii*s  of  the  Survey''  were  subjected  to 
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unfi:iendly  and  searching  investigation  the  accounts  were  found  in 
such  perfect  condition  as  to  elicit  the  highest  praise  of  the  Comptroller 
of  thc-Treagiury,  to  w^hom  the  results  of  the  investigation  were  finally 
referred^.  The  reputation  of  the  Survey  for  good  business  methods 
inspired  the  confidence  of  legislators  and  led  them  to  provide  for  the 
growth  of  the  Bureau,  not  only  b}'^  the  increase  of  appropriations  for 
existing  functions,  but  through  the  gradual  enlargement  of  function. 
The  most  important  single  addition  to  its  duties  was  that  of  studying 
the  water  supply  of  the  country  with  reference  to  various  economic 
problems. 

Except  for  the  original  suggestion  or  instruction  by  Professor  Henry, 
and  except  for  the  votes  of  funds  by  Congress,  the  Bureau  of  Ethnology 
may  be  regarded  as  Powell's  creation.  Work  on  American  ethnology 
had  previously  been  discursive,  unorganized,  and  to  a  large  extent 
diletanti.  He  gave  to  it  definite  purposes  conformable  to  high  scientific 
standards,  and  personally  trained  its  corps  of  investigators.  To  men 
who  had  previously  interested  themselves  in  the  study  of  Indians  he 
gave  new  methods  and  a  new  point  of  view,  and  he  succeeded  in  divert- 
ing to  ethnology  men  already  trained  in  scientific  methods  by  work  in 
other  fields  of  research.  He  realized,  as  perhaps  few  had  realized 
before  him,  that  the  point  of  view  of  the  savage  is  essentially  different 
from  that  of  the  civilized  man,  that  just  as  his  music  can  not  be  recorded 
in  the  notation  of  civilized  music,  just  as  his  words  can  not  be  written 
with  the  English  alphabet,  so  the  structure  of  his  language  ti'anscends 
the  fotmulsB  of  Aryan  grammars,  and  his  philosophy  and  social  organ- 
ization follow  lines  unknown  to  the  European.  He  also  realized  most 
fully  that  the  savage  is  the  embryo  of  the  man  of  highest  culture,  and 
that  the  study  of  savage ly  is  therefore  a  fundamental  contribution  to 
the  broadest  study  of  humanitj\  With  these  ideas  he  informed  his 
ethnologic  corps,  and  in  consequence  of  them  the  organization  of  the 
Bureau  marks  the  most  important  epoch  in  American  ethnology. 

The  same  personal  influence  extended  to  the  work  of  the  Anthropo- 
logical Society  of  Washington.  Over  the  proceedings  of  this  society 
Powell  presided  for  many  years,  taking  part  in  all  its  discussions  and 
making  it  his  special  function  to  point  out  the  bearing  and  relation  of 
each  communication  to  the  greater  problems  and  broader  aspects  of 
the  science.  As  the  bureau  was  and  is  a  laboratory  of  ethnology, 
devoted  to  the  study  and  record  of  the  chara(;ter  and  culture  of  the 
fading  tribes  of  North  America,  so  the  society,  including  the  same 
group  of  students,  was  and  is  an  arena  for  the  discussion  of  the 
broader  science  of  anthropology.  I  but  echo  the  general  sentiment  of 
those  students  in  saying  that  the  high  intellectual  and  scientific  plane 
on  which  the  work  of  this  society  is  conducted  is  a  result,  direct  and 
cumulative,  of  Powell's  influence  and  example. 
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Ifefore  turning  to  PowelI\s  direct  contributions  to  science,  mention 
should  l>e  made  of  his  studies  in  biology.  In  eariy  manhood  he  was 
an  assiduous  collector  of  plants,  fresh-water  shells,  and  reptiles,  and 
this  work  was  accomjjanied  by  studies  in  distribution,  but  the  results 
of  such  studies  do  not  constitute  a  contribution  to  botany  and  zoology. 
The  work  was  properly  a  part  of  his  education,  a  training  in  the  art 
of  observation,  which  bore  fruit  only  when  his  attention  was  turned  to 
other  branches. 

His  contributions  to  geology  include  a  certain  amoimt  of  descriptive 
work.     He  published  the  stratigraphy,  structure,  and  part  of  the  areal 
geology  of  the  Colorado  plateaus  and  the  Uinta  Mountains.     In  con- 
inection  with  the  field  studies  in  these  districts  he  developed  a  new 
jclassification  of  mountains,  by  structure  and  genesis;  a  structural  clas- 
jsification  of   dislocations;   a  classification  of  valleys;   and   a   genetic 
[classification   of    drainage   systems.     His  classification   of    drainage 
(recognized  three  modes  of  genesis,  of  which  two  were  new.     With 
! the  novel  ideas  involved  in  the  terms  "superimposed  drainage"  and 
"antecedent  drainage"  were  associated  the  broader  idea  that  the  phy- 
sical history  of  a  region  might  be  read  in  part  from  a  study  of  its 
drainage  system  in  relation  to  its  rock  structure.     Another  broad  idea, 
that  since  the  degradation  of  the  land  is  limited  downward  by  the  level 
of  the  standing  water  which  receives  its  drainage,  the  types  of  land 
sculpture  throughout  a  drainage  area  are  conditioned  by  this  limit, 
was  formulated  by  means  of  the  word  "  base  level."    These  two  ideas, 
gradually  developed  by  a  younger  generation  of  students,  are  the  fun- 
damental principles  of  a  new  subscience  of  geology  sometimes  called 
geomorphology,  or  physiographic  geology. 

The  scientific  study  of  the  arid  lands  of  our  Western  domain  in  rela- 
f     tion  to  human  industries  practically  began  with  Powell.     Early  in  his 
I     governmental  work  he  issued  a  volume  on  the  lands  of  the  arid  region, 
I     and  he  continued  their  discussion  in  one  wa}'  or  another  for  twenty 
years,  setting  forth  the  physical  conditions  associated  with  aridity, 
1    the  paroxysmal  chai*ac*ter  of  rainfall,  the  dependence  of  arable  low- 
lands  on   the   rainfall  and   snowfall   of   uplands,  and   the  generous 
,     response  of  the  vegetation  of  arid  regions  to  the  artificial  application 
of  water.     Emphasizing  the  necessity  of  irrigation  to  successful  agri- 
culture, ho  pointed  out  the  need  of  conserving  storm  waters  by  artifi- 
cial reservoirs,  the  need  of  applying  new  principles  in  legislation  for 
the  regulation  of  water  rights,  and  the  need  of  a  new  system  of  laws 
for  the  control  of  title  in  arid  lands.     These  ideas  when  first  advanced 
were  the  subject  of  hostile  criticism  because  they  antagonized  current 
opinions  as  to  the  availability  of  our  Western  domain  for  settlement; 
but  he  afterwards  found  himself  part  of  a  general  movement  for  the 
intelligent  development  of  the  West,  a  movement  whose  latest  achieve- 
ment is  the  so-called  reclamation  law. 
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He  pointed  out  also  that  our  land  laws  did  not  permit  the  lean  pas- 
ture lands  of  the  West  to  be  acquired  by  private  ownei^s  in  tracts  large 
enough  for  economic  management,  and  that  overstocking  and  periodic 
disasters  were  the  logical  results  of  public  ownership;  and  his  ideas 
as  to  remedial  legislation  were  embodied  in  the  unheeded  report  to 
the  Public  Lands  Commission. 

In  dciicriptive  ethnology  Powell's  published  contributions  are  meager 
in  comparison  with  his  body  of  observations  and  notes.  They  are 
comprised  in  a  magazine  article  on  the  Moki,  an  essay  on  the  Wyan- 
dot, and  a  few  myths,  chiefly  Shoshonian,  introduced  in  various 
writings  for  illustrative  purposes.  In  his  "Introduction  to  the  Study 
of  Indian  Languages"  he  gives  instructions  for  American  ethnologic 
observation,  covering  not  only  the  subject  of  language,  but  arts,  insti- 
tutions, and  mythology.  Other  writings  belong  more  properly  to 
anthropology,  and  deal  with  its  broader  principles.  In  a  series  of 
essays,  designed  as  chapters  of  a  manual  of  anthropology  but  actually 
published  as  occasional  addresses  and  never  assembled,  he  points  out 
the  lines  of  evolution  in  the  various  fields  of  human  thought  and 
activity,  philosophic,  linguistic,  esthetic,  social,  and  industrial.  The 
ground  covered  by  these  essays  is  so  broad  that^  a  brief  summary  is 
impossible.  They  include  the  ideas  which  have  directed  the  work  of 
the  Buioau  ->f  Ethnology,  and  they  include  also  much  which  has  found 
no  immediate  application,  belonging  to  fields  of  thought  as  yet  un- 
touched by  othei^s.  As  to  their  ultimate  value  future  generations 
must  decide,  but  they  stand  nearly  or  quite  unique  as  a  comprehensive 
body  of  philosophic  thought  founded  on  the  comparison  of  aboriginal 
with  advanced  culture. 

In  latter  years  attention  was  gradually  turned  from  anthropology 
to  psycholog}'  and  the  fundamental  concepts  of  natural  philosophy. 
His  interest  in  these  subjects  began  in  early  manhood,  and  they  are 
briefly  touched  in  various  writings;  but  he  gave  the  last  eight  years 
of  his  life  almost  wholly  to  their  study.  Two  books  were  written  and 
a  third  planned.  '^ Truth  and  Error,"  which  appeared  in  1899,  treats 
of  matter,  motion,  and  consciousness  as  related  to  the  external  universe 
or  the  field  of  fact.  "Good  and  Evil,"  printed  as  a  series  of  essays 
in  The  Anthropologist  with  the  intention  of  eventual  assemblage  in 
book  form,  treats  of  the  same  factors  as  related  to  humanity  or  to 
welfare.  The  field  of  the  emotions  was  assigned  to  the  third 
volume.  His  philosophy  was  also  embodied  in  a  series  of  poems,  of 
which  only  one  has  received  publication. 

In  much  of  his  scientific  writing  Powell's  style  is  terse  to  a  fault. 
Usually  he  is  satisfied  with  the  simplest  statement  of  his  conclusions. 
Sometimes  he  adds  illustrations.  Only  rarely  does  he  explain  them 
by  setting  forth  their  premises.  It  has  thus  happened  that  some  of 
his  earlier  work,  though  eventually  recognized  as  of  high  importance, 
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wa8  atfir.st  either  not  appreciated  or  misunderstood.  The  value  of  his 
anthropologic  philosophy,  though  now  widely  appreciated,  wsis  recoo'- 
nized  but  slowly  outside  the  sphere  of  his  personal  influence.  His 
philosophic  writings  belong  to  a  field  in  which  thought  has  ever  found 
language  inadequate,  and  are  for  the  present,  so  far  as  may  be  judged 
from  the  review  of  '"Truth  and  Error,"  largely  misunderstood.  Ad- 
mitting myself  to  Ije  of  those  who  fail  to  understand  much  of  his 
philosophy,  I  do  not  therefore  condemn  it  as  worthless,  for  in  other 
fields  of  his  thought  events  have  proved  that  he  was  not  visionary',  but 
merel}"  in  advance  of  his  time. 

To  the  nation  he  is  known  as  an  intrepid  explorer,  to  a  wide  public 
as  a  conspicuous  and  cogent  advocate  of  reform  in  the  laws  affecting 
the  development  of  the  arid  West,  to  geologists  as  a  pioneer  in  a  new 
province  of  interpretation  and  the  chief  organizer  of  a  great  engine 
of  research,  to  anthropologists  as  a  leader  in  philosophic  thought  and 
the  founder,  in  America,  of  the  new  regime. 
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RUDOLPH  VIRCHOW,  1821-1902. 


By  Oscar  Israel." 


Gemiany  of  the  latter  half  of  the  nineteenth  century  is  so  entirely 
different  in  almost  every  respect  from  Germany  of  the  period  which 
preceded  it  that  it  is  difficult  to  realize  the  actual  transition  of  the  one 
into  the  other.  The  bustling  political  and  economic  movements  of 
to-day,  and  the.  general  uplifting  of  the  whole  condition  of  culture, 
were  preceded  by  a  period  when  either  an  apathetic  or  a  friendly 
idealic  life  might  be  called  forth  according  to  local  conditions.  And 
yet  the  two  decades  immediately  preceding  the  year  1850  were  by  no 
means  a  dead  time^  for  although  but  little  apparent  upon  the  surface 
still  there  was  a  deep  and  regular,  untiring  and  fresh  movement  in 
those  days,  the  activity  of  work.  A  work  for  culture  was  being  com- 
pleted which  had  consciously  for  its  pui'pose  the  awakening  and  prog- 
ress of  the  nation.  It  is  no  accident  that  the  generation  which  then 
grew  up  lived  to  see  greater  changes  in  their  fatherland  than  any  that 
had  preceded.  Pure-minded  German  science,  untroubled  by  chauvin- 
istic jealousy,  has  never  failed  to  recognize  the  mighty  intellectual 
.stimulus  which  she  has  ofttimes  owed  to  foreign  lands;  but  she  ever 
recalls  with  just  pride  the  purely  national  development  which  has  gone 
on  unceasingly  from  the  time  of  her  own  intellectual  giants  of  the 
eighteenth  century.  This  movement  matured  its  best  representatives 
in  the  years  of  external  pressure,  for  it  was  in  these  very  periods  of 
stress  that  intellectual  activity  found  the  time  to  ripen.  Living  on  in 
the  traditions  of  the  undying  classics,  the  German  school  formed  the 
men  to  whom  we  owe  the  Germany  of  the  present.  One  by  one  they 
pass  away — these  landmarks  of  the  Germanic  culture  of  the  nineteenth 
century  who  brought  it  to  before  unknown  excellence — and  now,  in 
his  turn,  is  Rudolf  Virchow  departed  from  this  life. 

Rudolf  Ludwig  Karl  Virchow  was  born  on  October  13,  1821,  in  the 
town  of  Schievelbein,  in  further  Pommerania.  Much  of  interest 
regarding  his.  childhood  is  disclosed  in  the  account  which  he  himself 

«  Tran8late<i,  by  permission  of  author  and  publishers,  from  the  **  Deutscjie  Rund- 
schau" of  December,  1902. 
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set  down  in  the  Easter  vacation  of  1839.  This  first  literary  produc- 
tion de^serves  in  more  than  one  respect  the  publication  awarded  to  it 
by  the  Prussian  minister  of  education  in  the  eightieth  year  of  its 
author's  age,  for  the  reader  can  see  depicted  in  the  child's  inner  life 
many  of  the  germs  of  character  which  unmistakably  developed  in  the 
work  of  later  years. 

The  youth  of  17  expresses  deep  gratitude  for  the  loving  care  of  his 
father,  the  trea^surer  of  the  town,  who  was  enabled  to  meet  with  help- 
fulness all  the  difficulties  which  rose  up  to  oppose  the  eager  humanistic 
ambitions  of  the  son.  Reading  and  writing  were  learned  from  the 
father;  and  at  the  town  school  and  with  the  clergyman  of  the  parish 
he  continued  his  preparation  for  college.  But  the  wa}^  was  not  made 
easy  for  him.  The  methods  of  instruction  of  the  rector  must  have 
been  quite  peculiar.  "He  so  overrated  my  knowledge  that  he  gave 
over  the  instruction  of  some  beginners  in  Latin  to  me,  so  that  1  myself 
forgot  what  little  I  had  learned."  The  young  teacher  was  at  that  time 
but  11  years  old.  Private  instruction  with  the  preacher,  Gantzkow, 
remedied  these  defects,  however,  so  that  the  happy  student  entered 
the  third  class  of  the  gymnasium  at  KOsIin  on  May  1,  1836. 

In  the  publication  of  the  minister  of  education  there  is  a  portrait  of 
the  boy  at  about  4  years  of  age  which  shows  a  friendly  child  face  with 
large,  wide-opened  eyes,  the  corners  of  the  mouth  a  little  drooping, 
and  the  expression  one  of  interested  attention.  The  presence  of  certain 
anatomical  peculiarities  which  appear  in  later  photographs,  indicate 
that  the  portrait  must  have  been  well  drawn.  By  the  aid  of  this  like- 
ness the  reader  can  picture  to  himself  the  student  at  the  gymnasium 
who  discloses  in  his  diary  his  thoughtful  spirit,  and  in  whom  the 
extraordinary  eagerness  for  knowledge,  the  sharp  self-criticism,  and 
the  love  of  truth  have  left  the  impress  of  an  early  maturity. 

The  undesirable  influences  of  unworthy  fellow-students  upon  his 
impressionable  and  vivacious  temperament  during  the  second  year 
were  overcome  as  a  senior.  He  was  certainly  an  exception  among 
young  men  of  his  age  in  that  he  realized  what  threatened  him.  He 
writes  "  I  can  at  least  assure  you  that  in  the  pursuit  of  pleasure  1  have 
always  sought  to  keep  within  proper  bounds,  and  I  believe  I  have 
generally  succeeded,  at  least  so  far  that  my  studies  have  not  suffered, 
nor  even  has  my  health  been  impaired.  The  good  spirit  which  rules 
among  my  classmates  of  the  senior  year  has  aided  me  in  this  endeavor.'' 

His  favorite  studies  were  the  natural  sciences,  history,  and  geog- 
raphy, as  well  as  the  ancient  classic  writings  of  Cicero,  Sallust,  and 
among  the  Greeks,  Sophocles.  To  these  he  devoted  his  spare  hours, 
l)ut  at  the  same  time  he  did  not  neglect  to  improve  himself  by  reading 
French  and  German  authors.  The  highly  gifted  lad  early  showed  a 
strong  tendency  to  reflection,  and  soon  acquired  a  solidly  grounded 
and  copious  store  of  knowledge,  which  enabled  the  young  student  to 
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bring  to  his  studies  a  ripe  understanding  and  a  critical  discrimination. 
Far  better  grounded  in  the  older  tongues,  especially  the  Latin,  than 
our  modern  students,  Rudolph  Virchow  retained  through  life  secure 
mastery  of  them,  and  in  his  later  years  he  exhibited  a  keen  sensitive- 
ness to  the  barbarisms  of  which  the  present  scientific  generation  is  not 
guiltless.  In  the  year  1883  he  gave  an  earnest  exhortation  to  his  fel- 
low-workers and  the  readers  of  his  periodical*  in  regard  to  this  matter, 
and  still  later  he  again  uttered  a  word  in  favor  of  a  good  terminology.* 

At  Easter  time,  1839,  at  the  age  of  17  years  and  6  months,  Rudolph 
Virchow  passed  first  among  eight  students  at  the  examination,  and  in 
the  autumn  entered  as  a  student  of  medicine  at  the  KOniglich  medizi- 
nisch-chirurgische  Friedrich  Wilhelm's  Institut  at  Berlin.  (This  was 
the  so-called  Pepiniere,  now  Kaiser  Wilhelm's  Academic  fur  das  mili- 
tjirarztliche  Bildungswesen.)  He  went  through  the  regular  course  of 
the  "  Eleven,"  but  found  time  for  private  research.  It  is  an  interest- 
ing illustmtion  of  his  habit  of  mind  that  the  future  military  surgeon 
heard  the  lectures  of  Friedrich  Riickert's  colleague  upon  Arabic  poetry. 

April  1,  1843,  he  was  appointed  "Charit^-Chirurgus,"  which  cor- 
resi)onds  with  the  present  jx)sition  of  assistant  physician.  He  entered 
nnmediately  into  practical  work  which  brought  up  a  host  of  sugges- 
tions calculated  to  develop  the  germinating  ideas  of  his  student  days. 
He  felt  that  he  must  still  learn,  and  that  a  thorough  scientific  education 
was  a  necessity  for  him,  and  was,  therefore,  not  content  merely  to 
follow  on  with  his  comrades,  but  chose  for  himself  his  own  course. 

The  one  who  exercised  the  most  influence  uj)on  the  student  was 
Johannes  Mi'iller,  the  many-sided  master,  preeminent  in  each  of  the 
several  lines  of  work  which  he  undertook.  He  early  became  Vir- 
chow's  ideal,  and  so  he  remained.  In  the  masterly  memorial  address 
which  he  delivered^  after  the  untimely  death  of  Miiller,  July  24, 
1858,  Virchow  gave  fitting  utterance  of  the  deep  feelings  of  gratitude 
which  he  ever  cherished  toward  the  master.  Appreciating  objectively 
the  exk>nt  of  Miiller's  talents  and  achievements,  he  raised  for  him  an 
undying  memorial.  Eminent  as  an  anatomist,  zoologist,  and  phj'siolo- 
gist,  Mi'iller  was  not  less  eminent  in  pathology;  but  the  pupil  who  was 
to  carry  forward  his  work  to  unimagined  further  development  crowns 
him  who  had  destro^'ed  the  false  philosophy  of  Schelling  with  "the 
laurel  of  the  true  natural  philosopher  of  the  real  flesh  and  blood."  He 
sketched  with  firm  hand  Muller's  development  from  almost  mystical 
tendencies  to  the  true  spirit  of  exact  scientific  research,  and  attributed 
to  "Nature  and  Goethe"'  a  powerful  influence  on  Muller's  intellectual 

«  Barbarisms  in  medical  language.  Archiv  f.  pathoiogische  Anatomie  u.  Physi- 
ologie  n.  f.  klinische  Medizin,  vol.  91,  pp.  1-11. 

''New  names  and  new  ideas  in  pathology.  Berliner  kliniscrhe  VVot^hensfhrift, 
1900,  No.  1 . 

^Johannes  Miiller.     Eiue  Gediichtnisrede.     Berlin,  185S. 
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development,  perhaps  recalling  his  own  experiences,  for  Virchow's 
own  thoughts  had  grown  up  in  Goethe's  school. 

It  fell  to  Virchow  also  to  deliver  a  memorial  address  for  the  other 
master,  who,  next  to  Muller,  had  exerted  the  greatest  influence  upon 
him.  This  was  for  Johann  Lukas  ShCnlein,  and  was  delivered  at  the 
Berlin  University  in  1865."  In  both  these  addresses  we  find  many 
things  indicative  of  Virchow's  own  course  of  growth,  but  still  more 
numerous  are  the  interesting  historical  references.  Particularly  valu- 
able are  notes  on  the  development  of  medicine  as  a  science  in  the  first 
half  of  the  nineteenth  century.  While  yet  a  student  Virchow  had 
aided  in  this,  and  before  the  end  of  his  student  days  he  engaged 
actively  in  research  along  these  lines.  On  October  21,  1843,  the 
degree  of  doctor  was  conferred  upon  him  by  Johannes  Miiller  (then 
dean  of  the  faculty  of  medicine)  for  his  work  on  the  inflammation  of 
the  cornea  (De  rheumate  prsesertim  corneas).  Rudolph  Virchow 
remained  for  a  long  time  assistant  at  the  charity  hospital,  but  on 
March  20,  1846,  he  passed  the  state  examination,  with  the  added  com- 
mendatory words  "very  good"  and  "as  operative  surgeon."  The 
time  preceding  this,  however,  had  been  a  very  important  period  of 
his  life,  for  he  had  begun  his  career  as  a  student  of  nature.  More 
and  more  he  occupied  himself  with  the  scientific  treatment  of  \ile 
anatomic  material  of  the  hospital,  assisting  the  demonstrator  of 
anatomy,  Robert  Froriep,  who,  with  just  respect  for  his  ability, 
shared  many  opei-ations  with  him.  At  the  solicitation  of  this  dis- 
criminating friend,  the  general  physician,  Grimm,  appointed  Virchow 
to  the  position  of  assistant  at  the  dissectmg  laboratory  of  the  hospital 
in  the  year  1844.  His  gratitude  to  Froriep  is  suitably  expressed  in 
the  preface  of  a  vohime  of  collected  works*  dedicated  to  his  master 
and  friend,  and  doing  honor  to  both  master  and  pupil.  Almost  ten 
years  after  he  himself  had  become  in  his  turn  demonstrator  of  anatomy 
at  the  hospital,  this  volume,  in  which  His  vscattered  and  often  difficultly 
accessible  papers  are  brought  together,  was  dedicated  by  Virchow  to 
the  man  who  had  guided  his  first  steps  in  the  line  of  scientific  inquiry. 

On  May  11,  1846,  not  two  months  after  passing  the  state  examina- 
tion, Virchow  became  acting  demonstrator  of  anatom}'  at  the  hospital 
in  the  place  of  Froriep,  who  had  retired,  although  the  definitive 
appointment  was  made  conditional  on  his  separation  from  the  military 
connection.  The  impression  had  been  current  that  Virchow's  depar- 
ture from  the  Pepiniere  was  not  voluntary',  but  in  cx)nsequence  of  dif- 
ferences there;  but,  in  reality,  the  case  was  exactly  the  reverse.  His 
departure  was  accompanied  by  the  cabinet  order  of  April  6,  1847, 
which  expressed  in  a  most  gracious  way  the  appreciation  of  his  scien- 
tific labors  and  released  him  from  some  years  further  military  service 

"Gedachtiiisi-ede  aiif  Johann  Luka^^  Schonlein.     Berlin,  1865. 
^Collected  writings  on  the  science  of  medicine.     Frankfurt  a.  m.,  1866. 
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for  which  he  was  still  liable."  Not  yet  26  years  of  age,  Virchow  had 
now  the  opportunity  of  developing  his  powers  in  his  own  way. 

The  position  of  demonstrator  of  anatomy  had  grown  up  from  a 
rather  slender  beginning.  The  somewhat  infrequent  opportunities  of 
confirming  and  broadening  diagnosis  by  post-mortem  exaihination  had 
been  almost  exclusively  confined,  during  the  eighteenth  centurj'^  and 
the  first  third  of  the  nineteenth,  to  the  physicians  to  whom  the  care  of 
the  patient  had  been  committed.  Only  of  late  had  the  need  become 
apparent  of  physicians  specially  prepared  for  this  purpose.  The  first 
demonstrator  who  had  been  attached  to  the  hospital  staff  was  P.  PhObus, 
but  he  remained  little  more  than  a  year  in  this  capacity  and  had 
resigned  because  he  could  not  defend  himself  from  the  occasional 
encroachments  of  a  military  surgeon.  He  was  succeeded  by  Robert 
Froriep,  who  was  appointed,  on  December  22,  1831,  as  "  Demon- 
strator, illustrator,  and  curator  of  pathological  preparations  at  the 
Royal  Charity  Hospital."  There  were  set  apart  for  his  use  only  a 
room  and  bed  chamber,  and  it  was  not  till  1834  that  upon  a  detailed 
memorial  of  Froriep's  to  the  ministry,  in  which  he  stated  clearly  and 
at  considerable  length  the  pressing  need  of  it,  that  a  good  microscope 
w  s  procured.  A  single  attending  nurse,  Frau  Vogelgesang,  was,  at 
the  time  Virchow  succeeded  Froriep,  the  most  important  personage  in 
the  administration  of  the  little  realm.  In  the  occasional  correspond- 
ence relating  to  the  purchase  of  improvements  or  to  other  internal 
arrangements  her  signature  was  never  lacking,  but  appeared  together 
with  those  of  the  physicians  and  hospital  director.  The  considerable 
reputation  which  ''Madam  Vogelgesang"  enjoyed  far  be3^ond  the 
boundaries  of  Germany  was  due  to  her  great  skill  in  dissecting  opei*a- 
tions.*  At  first  a  voluntary  assistant,  Virchow  was  soon  intrusted  by^ 
the  management  of  the  charity  hospital  with  the  chemical  and  micro- 
scopic investigations  necessary'  for  the  sick  wards.  These  duties,  now 
divided  in  all  great  hospitals  between  special  laboratories  with  trained 
personnel,  were  very  extensive  and  laborious,  but  with  characteristic 
energy  and  inspired  b}^  an  illustrious  example,  Virchow  soon  showed 
a  complete  command  of  the  situation.  He  saw  in  a  combination  of 
chemical  with  anatomical  researches  the  possibility  of  attaining  an 
object  of  capital  importance-^namely,  the  creation  of  a  pathologic 
physiology  as  the  result  of  prearranged  studies  in  anatomy  and 
pathology,  combined  with  experimental  pathology  and  chemical  expe- 
rience. This  experimentally  founded  science  he  sought  to  substitute 
for  the  confused  speculation  then  ruling  German  medical  practice. 

The  intense  activit}'  of  the  young  savant  in  the  dissecting  room  of 

oTwo  years  later  Helinholtz,  who  had  attained  the  rank  of  ntaff  Hurjjeon  in  tlie  mil- 
itary servic'e,  receivtKi  his  discharjje  in  the  same  f(jrm. 

''See  Perogow.  Life  questions.  Diary  of  an  old  pliy^ician.  From  the  KuHsian, 
by  August  Fischer,  Htuttgart,  1894,  p.  403f. 
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the  charity  hospital  was  rewarded  in  1845  by  the  great  success  of  his 
investigation  on  "white  blood."**  Continued  studies  led  him  to  the 
description  of  a  hitherto  unknown  form  of  disejise  to  which  he  later 
gave  the  name  of  Leucocythaemia.  Meanwhile  Virchow  had  already 
become  lecturer  on  pathologic  anatomy,  and  had  given  practical  courses 
on  the  cadaver,  in  which  he  developed  the  technique  of  dissection,  and 
which  later  formed  the  basis  of  the  Prussian  ^'Regulations  for  the 
practice  of  medical  jurisprudence  in  examinations  of  the  human  cada- 
ver." Other  countries  framed  regulations  modeled  after  these,  so  that 
the  practices  here  promulgated  have  become  to  considerable  degree 
the  standards  for  the  whole  world. 

Virchow  early  became  the  center  of  a  circle  of  congenial  friends,  of 
whom  the  more  prominent  were  Ludwig  Franke,  the  groat  clinical 
physician  of  that  day,  Rudolf  Leubuscher,  and  especially  Benno 
Reinhardt.  The  latter  was  of  a  reserved,  quiet,  studious  nature,  but 
still  capable  of  being  stirred  to  passionate  outbreaks  in  the  warmth  of 
scientific  enthusiasm,  and  stood  with  Virchow  in  the  eager  search  for 
truth  and  in  revolt  against  the  authoritative  beliefs  and  the  ai-tificial 
systems  which  then  prevailed  in  the  medical  science.''  From  this 
friendly  alliance  grew  up  that  powerful  instrument  in  the  warfare  for 
the  new  experimental  science  of  medicine,  the  "Archiv  fur  pathologic 
Anatomic  und  Ph3^siologie  und  fur  klinische  Medizin."  *'Had  it  not 
been  for  MuUer's  Archiv,"  writes  Virchow  later,  "we  vshould  scarcely 
yet  have  known  in  Germany  how  a  scientific  journal  should  be  con- 
ducted."*' But  Miiller's  journal  occupied  another  field,  being  chiefly 
concerned  with  normal  anatomy  and  physiologj^  so  that  patholog}- 
found  only  occasional  place  in  it.  The  ^'Archiv  fur  physiologische 
Heilkunde,"  published  in  south  Germany,  as  well  as  the  *'Zeitschrift 
fur  rationelle  Medizin,"  were  so  one-sided  in  their  editing  that  the 
friends  were  refused  a  place  in  these  columns  and  found  themselves 
obliged  to  found  a  journal  of  their  own.  Virchow  recalled  with  grat- 
itude how  in  these  circumstances  the  publisher,  George  Reimer,  came 
their  aid;  who,  as  he  says,  "had  the  courage  to  place  his  means  at  the 
disposal  of  two  almost  unknown  young  men."  Their  prosi>ectus 
appearing  with  the  first  number  in  April,  1847,  is  signed:  Dr.  Rudolf 
Virchow,  Prosektor  beim  Charite-Krankenhause,  Dr.  Benno  Rein- 
hardt, Practischer  Arzt. 

A  short  notice  l)y  G.  Reimer  dated  BerHn,  April  0,  1847,  fixes  the 
price  of  the  volume  of  three  numbers  at  three  Gei'man  dollars.  Tbi> 
journal  has  now  reached  17(>  volumes.     The  first  volume,  of  whos(» 

«Foriep'8  Neue  Notizen.  No.  780.  November,  1845.  Keprinted  in  VirchowV 
Gesammelte  AbKand!iiiij?eii  zur  wissenschaftlichen  Meclizin.  Frankfurt  a.  M.,  1S56, 
pp.  149-163. 

'^Arc'hiv,  vol.  4,  p.  541. 

<•  Archiv,  vol.  100,  p.  2. 
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fourteen  articles  Virchow  contributed  eight,  appeared  in  the  course  of 
the  year  1847,  the  second  in  1849.  Both  editors  had  lieen  earned 
away  by  the  political  storm  of  1848,  and  thus  the  regular  pi-ogress  of 
their  work  was  interrupted,  but,  notwithstanding  this,  Virchow  and 
Leubusoher  started  in  the  interim  the  Medizinische  Reform,  a  weekly 
periodical,  whose  first  number  appeared  July  10,  1848,  and  whose  last 
number,  52,  was  dated  June  29,  1849.  It  was  a  fighting  sheet,  which 
had  for  its  object  general  reform  in  the  care  of  health. 

This  work  for  reform  was  the  main  result  of  the  jouniey  to  Upper 
Silesia,  which  Virchow  had  begun  with  the  Geheimen  Obei-medizi- 
nalrat,  Barez,  on  February  20,  1847,  at  the  behest  of  the  Prussian 
ministry',  to  study  the  epidemic  of  typhus  fever  which  had  broken  out 
there  in  the  summer  of  1846.  He  returned  to  Berlin  on  March  10, 
Barez  having  preceded  him  on  February  29.  This  journey  is  become 
.famous  from  Virohow's  report,  which  soon  after  appeared  under  the 
title,  "Mitteilungen  iiber  die  in  Oberschlesian  herschende  Typhus- 
epidemie.""  Virchow  had  been  charged  by  the  authorities  w^ith  '^the 
investigation  of  the  scientific  significance  of  the  nature  of  the  epi- 
demic." But  besides  a  pathologic,  anatomic,  and  clinical  investigation 
of  sick  and  dead,  which  would  have  satisfied  any  other  investigator, 
the  report  contains  much  more.  He  gives  a  monograph  on  the  con- 
ditions of  society  in  Upper  Silesia  in  which  the  whole  social  and 
educational  history'  of  the  province  is  set  forth,  and  makes  proposals 
for  the  treatment  of  the  contagion.  Painstaking  accuracy,  warm- 
hearted sympathy'  and  courageous  frankness  are  everywhere  in  evi- 
dence. Virchow  recognized  that  the  common  medicines  and  dietetic 
regulations  suitable  to  sporadic  cases  were  of  little  avail  against  the 
epidemic;  and  that  the  endemic  disease  owed  its  dangerous  spreading 
character  to  the  deploitible  social  conditions;  the  ignorance  of  people 
and  authorities  alike  favoring  the  diffusion  of  contagious  matter,  and 
all  contributing  to  diminish  the  resistance  of  individuals  to  contagion. 
Only  through  radical  political  and  social  reform,  he  maintained,  could 
there  come  an  effectual  remedy.  The  same  matter  which  the  Paris 
Academic  de  Medecine  had  brought  to  the  attention  of  the  Egyptian 
Government  he  laid  before  the  authorities  in  the  following  terms: 
''The  logical  answer  to  the  question  of  the  prevention  in  future  of 
conditions  similar  to  those  we  now  see  in  ITpper  Silesia  is  therefore 
eas3%  and  is  simply  this:  Education,  with  her  two  daughters,  freedom 
and  prosperit3\"  This  measure  which  he  here  advocates  led  to  the 
development  of  a  thoroughh'  democi^atic  progi-amme.  In  his  formula- 
tion of  it,  there  were,  to  lie  sure,  some  fantastic  features  resulting  from 
.  the  disturbed  condition  of  the  times,  but  in  the  struggle  of  the  next 
ten  >'ears  not  a   little  of   it   was  adopted.     The  present  beneficent 

*    «  Archiv,  vol.  2,  Noe.  1  and  2,  pp.  143-322,  1847.     Also  Berlin,  1848. 
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01)61^11011  of  medical  legislation  is  the  immediate  consequence  of  the 
fiery  exhortations  of  the  young  charity  hospital  demonstrator,  and 
later  on  he  took  a  leading  part  as  medical  expert  and  as  parliamenta- 
rian in  the  drafting  of  this  legislation. 

It  was  at  this  time  that  the  "  Medizinische  Reform  "  began  the  battle 
for  the  health  of  the  people.  Questionaof  legislation  and  conditions 
were  chiefly  treated  by  R.  Leubuscher  and  S.  Neumann,  while  educa- 
tion and  medical  science  were  in  the  hands  of  Virchow.  All  these 
problems  were  connected  with  the  political  background,  and  the  con- 
ditions out  of  which  they  grew  and  which  were  necessary  factors  of 
their  solution  were  never  lost  sight  of.  In  the  article  with  the  title 
"Conclusion,"  in  No.  52  of  the  periodical,  there  is  a  note  of  resigna- 
tion. Like  the  other  contents  of  the  last  numbers,  it  is  unsigned,  but 
is  unquestionably  the  work  of  Virchow,  who  had  carried  the  whole 
weight  of  responsibility  since  the  first  of  the  year.  The  article  begins 
with  a  verse  from  Ecclesiastes,  and  this  also  appears  in  the  concluding 
paragraph,  which  is  a  solemn  pledge  sincerely  adhered  to  by  Virchow 
in  the  remaining  fifty-three  years  of  his  life: 

"  We  recognize  therefore  only  the  question  of  the  healthful  daily 
existence  and  daity  bread  for  the  people,  and  dedicate  ourselves  to 
making  the  broadest  preparations  with  which"  the  battle  can  be  fought 
to  ultimate  success.  The  medical  reform  which  we  have  advocated 
was  a  reform  of  science  and  of  society.  We  have  outlined  its  prin- 
ciples, and  they  will  force  their  own  wa^  without  the  aid  of  this  organ, 
but  every  moment  shall  find  us  working  for  them  and  ready  to  do 
battle  for  them.  We  do  not  change  the  thing-,  but  only  the  place.  It 
would  be  not  only  useless  but  foolish  to  sow  young  seed  among  stones 
or  to  plant  it  in  the  earth  in  winter.  '  To  everything  there  is  a  season, 
and  a  time  to  eveiy  purpose  under  the  heaven.'" 

Virchow  was  thus  so  deeply  connected  with  political  questions,  even 
though  not  occupying  himself  with  the  minor  details,  but  only  with 
the  main  principles,  that  his  pay  and  allowances  were  suspended  for 
a  short  time  in  the  spring  of  18-i9  on  account  of  his  activity  as  an 
agitator,  but  still  with  all  this  his  scientific  work  never  wholly  ceased. 
The  epidemic  of  cholera  in  that  unlucky  year  furnished  him  rich 
material  for  his  investigations. 

Soon  after  the  above-mentioned  orders  and  their  partial  repeal  (the 
■free  lodging  in  the  hospital  was  not  restored  to  him)  Viivhow  was 
called  to  the  University  of  W^urzburg,  and  he  gladly  accepted  this 
opportunit}^  of  freeing  himself  from  a  situation  which  had  become  so 
unpleasant.  In  Wiirzburg  began  that  rapid  rise  to  the  same  degri»e  of 
leadership  in  the  world  which  he  already  enjoyed  in  a  more  limited 
circle.  Before  leaving  Berlin  he  published  in  the  autumn  of  1849  his 
famous  philosophic  statement,  "Die  Einheitsbestrebungen  in  der  wis- 
senschaftlichen  Medizin,""  in  which  he  gave  proof  to  friend  and  foe 

"Berlin,  1849,  and  *  *  Geaannnelte  Abhandlungen  *'  Frankfurt,  1850. 
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alike  that  he  had  deliberately  chosen  his  mission  and  never  "  either  at 
the  dissecting  table  or  behind  the  microscope,  at  the  sick  bed  or  in 
public  life,  in  the  manifoldness  of  details  forgotten  the  unity  of  prin- 
ciples." The  '^law  of  the  unity  of  human  existence  and  its  conse- 
quences" he  had  treated  in  a  number  of  sketches  entitled,  Man,  Life, 
Medicine,  Sickness,  and  Contagion,  and  later  he  placed  these  essays, 
enlarged  by  illuminating  notes,  at  the  beginning  of  his  collected  works. 
It  is  not  possible  in  a  brief  account  to  go  deeply  into  the  "  Einheits- 
bestrebungen,"  which  embraces  the  connection  of  medical  research 
with  the  most  fundamental  things  of  human  existence.  Much  that 
now  is  accepted  as  self-evident  stands  here  in  the  center  of  the  field 
about  which  the  battle  between  the  contending  schools  of  science  raged. 
Questions  of  belief,  the  doctrine  of  vital  force,  which  with  that  of  the 
spontaneous  generation  is  now  long  since  laid  aside,  and  the  system  of 
medicine  which  had  bound  medical  thought  in  hard  and  fast  dogmatism, 
all  find  thoughtful  and  for  the  time  keen  and  courageous  criticism. 
There  never  appears  any  semblance  of  personal  animosity,  however 
sharp  the  criticism,  and  all  the  positions  are  taken  wholly  on  objective 
grounds. 

There  has  recently  been  a  widespread  discussion  as  to  the  position 
of  Virchow  in  relation  to  fundamental  religious  questions,  and  many 
utterances  have  been  attributed  to  him  whose  cynicism  would  make  it 
apparent  that  they  could  never  have  come  from  him.  The  position 
which  he  firmly  held  is  completely  given  in  the  following  passage  from 
his  ^^  Einheitsbestrebungen : " 

"There  can  not  be  any  issue  between  faith  and  science,  for  science 
and  faith  mutually  exclude  one  another;  not  in  the  sense  that  the  one 
renders  the  other  impossible,  or  vice  versa,  but  rather  that  so  far  as 
science  extends  faith  does  not  exist,  and  faith  begins  where  science 
leaves  oif.  It  can  not  be  denied  that  beyond  this  limit  there  may  be 
real  objects  to  be  embraced  by  faith.  It  is  therefore  not  the  object  of 
science  to  destrov  faith,  but  rather  to  define  the  boundaries  to  which 
knowledge  extends,  and  within  these  to  establish  a  uniform  system." 

He.  strongly  attacked  the  materialism  of  Karl  Vogt,  whose  assaults 
upon  his  own  tolerant  position  toward  faith  are  unjustifiable.  Though 
opposing  dogmatism  where  it  came  in  his  wa}^  he  much  more  strongly 
opposed  materialism,  for  he  believed  it  to  be  more  dangerous  than  the 
views  of  the  church  or  those  of  the  idealist,  but  nevertheless  he 
declined  as  a  student  of  nature  to  follow  with  this  latter  party  upon 
tmnscendentjil  ground.  While  desiring  himself  to  associate  with 
science  the  strongest  objectivity,  he  yet  showed  in  his  later  years 
unreserved  respect  for  such  degrees  of  subjectivity  as  did  not  spring 
from  unexcusable  violation  of  scientific  truth.  He  is  even  charged 
with  inconsistency  because  of  his  energetic  opposition  to  Ernst 
Haeckel  at  the  scientific  convocation  at  Munich  in  1877.     Haeckel  had 
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demanded''  the  introduction  of  his  monistic  teaching  in  the  schools. 
Virchow  declined  to  teach  these  problematic  matters  as  results  of 
science,  for  there  rose  up  against  it  not  only  the  scrapulous  regard  of 
the  scientist  for  certainty,  but  also  his  revolt  against  any  measure  of 
compulsion  in  matters  of  belief.  He  remarked  at  the  time  privately 
to  the  writer  of  these  lines  that  Haeckel  forgot  that  he  (Virchow)  a>5 
the  representative  of  the  people  must  be  considerate  for  the  feelings 
of  those  of  a  different  belief. 

In  Wiirzburg  a  time  of  most  diligent  scientific  activity  for  Virchow 
occupied  the  period  of  political  paralysis  following  the  outbreak  of 
1848.  His  fame  was  securely  founded  upon  his  Berlin  investigations, 
and  especially  upon  the  fearless  and  successful  attack  which  he  made 
upon  the  then  prevailing  teaching  of  Rokitansky  upon  crasis.  The 
investigations  begun  in  Berlin  on  disorders  of  the  blood  and  the  blood 
vessels  and  on  parenchymatous  inflammation,  whose  first  germs  had 
appeared  in  his  thesis,  besides  other  investigations  of  the  biology  of 
the  cells  and  tissues  were  completed  in  Wiirzburg.  Here  also  Virchow 
devoted  himself  with  great  success  to  researches  in  experimental 
pathology,  to  which  he  gave  a  place  with  pathologic  anatomy  and 
chemical  investigation.  His  greatest  achievement  in  this  field  is  the 
explanation  of  the  processes  of  thombosis  and  embolism  (stoppage  of 
the  blood  vessels  by  clotted  blood  and  the  importation  of  such 
obstructing  masses  by  the  circulation).  Such  conditions  might,  as  he 
showed,  arise  from  the  cause  of  wounds.  He  shai*ply  distinguished 
between  the  consequences  of  infectious  thrombosis  and  the  l>eneficial 
ones,  and  this  and  much  of  his  other  work  was  of  great  importance  in 
leading  to  better  understanding  of  the  infectious  diseases.  These 
investigations,  with  those  already  mentioned  upon  the  fever  epidemic 
in  Upper  Silesia,  and  his  studies  in  1852  on*  the  famine  in  Spessert,'' 
gave  the  impetus  to  Virchow's  work  on  epidemics,  and  with  it  the 
remarkable  revolution  of  the  practice  of  medicine  in  Prussia  and 
throughout  Germany  in  the  next  ten  years. 

Still  another  field  in  which  Virchow's  work  was  to  be  of  the  greatest 
value,  he  first  entered  while  at  Wiirzburg.  His  first  publications  in 
this  field  were  entitled:  ''  Untersuchung  fiber  den  Cretinismus,  nament- 
lich  in  Franken  und  iiber  pathologischo  Schiidelformen.''''  and  '"t^ber 
die  Verbreitung  des  Cretinismus  in  Unterfranken.'''''     In  these  Vir- 

"Aintlicher  Bericlit  der  fiinfzigsten  Vereaminlung  deutscher  NatnrforHrher  und 
Avzte  Miinchen  1877,  pp.  75-77. 

'^Die  Not  im  Spesaert.  Eine  medizinische-j^eographische  historii»clie  iSkizze. 
V^erhandlimgen  der  inedizinische-physikalischen  Gesellschaft  in  WurzlKirg,  1S52. 

<•  Presented  in  the  WQrzbnrg  phvBikalisch-raediziniache  Gesellschaft  on  May  24 
and  June  21,  1851.  Verhandlungen,  Bd.  2,  p.  230,  reprinted  in  collecteil  works,  p. 
891. 

rf  Presented  as  aljove  on  May  9  and  November  13,  1852.  VerlmndlunRen,  li<l.  ;{,  p. 
247,  and  collected  works,  p.  939. 
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chow  commenced  that  great  series  of  anthropological  papera  in  the 
strict  sense,  from  which  grew  up  the  modern  combination  of  Anthro- 
pology, Ethnology,  and  Archaeology.  But  principally"  he  occupied 
himself  at  this  time  with  special  studies  of  the  most  varied  pathologic 
anatomic  and  chemical  problems.  They  all  had  for  their  conmion  aim 
to  provide  an  impregnable  material  basis  for  theoretical  deductions 
through  the  strict  application  of  the  scientific  method  of  exact  descrip- 
tion of  obsen'ed  conditions.  Most  of  this  work  appeared  in  the 
"Archiv^'and  in  the  "  Verhandlungen  der  Wurzburger  physikalisch- 
medizinischen  Gesellschaft,"  which  latter  Virchow  had  founded  shortly 
after  his  call  to  Wurzburg  together  with  Albert  KoUiker  and  Kiwisch. 
He  also  undertook  a  great  literary  work  in  the  editing  of  the  ^'Hand- 
buch  der  speziellen  Pathologic  und  Therapie,''  in  whose  first  volume 
he  contributed  a  long  article  on  '* general  disturbances  of  aliniination/' 
together  with  an  appendix  treating  of  parasitic  plants  and  animals. 
For  the  other  parts  of  this  great  work,  which  included  from  1854  to 
1876  six  large  volumes,  he  gained  the  cooperation  of  a  number  of 
eminent  contributors.  Since  then  many  similar  compilations  have 
appeared,  having  for  their  object  an  encyclopaedic  presentation  of  the 
knowledge  and  science  of  medicine  up  to  the  time  of  their  pu))lication. 
All  these  have  in  Virchow's  handbook  their  precursor  and  example, 
but  it  is  here  impossible  to  discuss  even  its  main  features. 

In  the  autumn  of  1856  Virchow  accepted  a  call  to  Berlin,  which  thus 
led  him  back  to  the  original  scene  of  his  labors,  but  now  imder  quite 
site  rod  conditions.  He  found  himself  at  the  head  of  an  institute 
founded  on  the  work  which  he  had  done  at  Wurz})urg  and  specially 
devoted  to  the  interests  of  pathologic  anatomy', experimental  pathology, 
and  particularl}'  to  chemical  researches.  To  be  sure  the  building 
which  had  been  hastily  and  economically  erected  by  the  hospital  direc- 
tors, Horn  and  Esse,  was  not  up  to  his  requirement**.  There  wore 
necessary  many  changes  and  many  renovations,  one  even  as  late  as 
1873  which  ffreatlv  extended  its  usefulness  but  not  without  seriouslv 
disturbing  the  work.  Particularly  the  increase  of  the  collection  of 
pathologic  anatomic  prepai'ations  suffered  greatly  and  it  cost  its  author 
great  trou})le  to  again  bring  it  up  with  other  }>ranches  of  the  work. 
But  he  succeeded  in  creating  a  center  for  pathologic  investigations, 
which  with  all  its  ]>i'anches,  among  them  the  instruction  of  young  stu- 
dents, was  the  forerunner  and  example  of  all  the  similar  institutions 
now  to  1)0  found  not  only  in  (Tormany.but  in  all  civilized  lands 
throughout  the  world.  It  would  not  be  too  much  to  say  that  within 
his  institute  pulsed  the  heart  of  science  which  sent  the  ideas  of  the 
master  inspiring  and  broadening  through  the  labors  of  his  pupils  over 
the  whole  circuit  of  the  earth.  Here  Virchow's  genius  and  wonderful 
forcefulness  found  their  full  greatnevss  and  his  life  work  took  on  its 
lasting  proportions. 
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A  year  before  Virchow  left  Wiirzburg  he  had  coined  the  word  '*cel- 
lular-pathology  "  which  briefly  designates  the  nature  of  his  life  work.  ° 
The  researches  of  the  previous  years^  in  particular  those  upon  the 
connective  tissues,  had  gradually  brought  to  light  the  principle  which 
was  to  occup}'-  the  place  before  shared  by  pathology  and  general  medi- 
cine. But  it  was  not  till  February,  March,  and  April  of  1858  that  Vir- 
chow delivered  before  an  audience  composed  chiefly  of  the  medical 
men  of  Berlin  the  twenty  lectures  which  he  published  in  the  same  year 
under  the  title  ''Cellular  pathology  as  founded  upon  the  physiology 
and  pathology  of  tissues."* 

When  Virchow  commenced  his  scientific  career,  the  art  of  medicine 
was  under  the  stamp  of  different  systems,  pathology  being  dominated 
by  Rokitansky,  the  great  pathological  anatomist  of  Vienna.  He  was 
the  founder  of  the  so-called  Viennese  school  of  pathology  and  had 
given  to  it  a  doctrine  of  dyscrasia,  constructed  like  its  predecessors  on 
a  priori  rather  than  experimental  grounds.  Although  excellent  in  the 
descriptions  of  diseased  conditions  and  well  grounded  in  its  anatomy, 
as  Virchow  readily  admitted,  yet  the  third  volume  of  Rokitansk3'\s 
handbook  of  pathologic  anatomy  completely  ignored  the  method  of 
exact  research.  He  remained  in  the  error  of  speculation,  reviving  the 
old  humoral  pathology  in  his  theory,  and  attributing  all  diseases  to 
impurity  of  the  blood,  from  which  they  were  communicated  to  the 
solid  parts  of  the  body.  According  to  this  doctrine  these  latter  were 
practically  excluded  from  pathologic  considerations,  while  on  the  other 
hand  under  the  rule  of  the  doctrines  of  solid  pathology  the  opposite 
had  been  the  case.  Rokitansky  had  made  little  use  of  the  microscope, 
an  instrument  first  introduced  in  pathologic  studies  near  the  end  of 
the  eighteenth  century  by  the  great  Frenchman  Bichat  and  used 
increasingly  in  Virchow's  program  with  the  effect,  as  he  says,**  "of 
bringing  the  path  of  general  medicine  at  le,ast  three  hundred  times  as 
close  to  the  natui*al  course  of  procedure."  The  figure,  of  course, 
refers  to  the  magnifying  power  then  employed.  We  now  use  powers 
at  letist  three  times  as  high,  but  a  power  of  three  hundred  would  suf- 
fice readilv  to  disclose  the  elements  of  animal  structure  which  corres- 
pond  to  the  generally  much  larger  cells  of  plants. 

Moreover,  the  discoveries  of  Schleiden  and  Schwann  had  come  to 
recognition,  and  the  anatomists  began  to  think  of  cells,  although  the 
conception  of  the  origin  of  single  cells  expressed  in  Schwann's  '  *  Theory 
of  free  cell  ])uilding"  was.  by  no  means  the  true  one.  According  to 
this  theory  the  cells  arose  from  a  condensation  of  matter,  or  blastema, 

"Archiv,  vol.  8,  pp.  3-39. 

ft  Berlin  1858,  The  second  edition  appeared  in  1859,  the  tliird  with  many  addi- 
tions in  1861,  the  fourth  rewritten  and  greatly  enlarged  in  1871. 

c  On  the  refonn  of  pathologic  and  thera|>eutic  demonstration  by  inicrosi-opic  inves- 
tigations.    Arcliiv,  vol.  1,  p.  255. 
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named  for  its  connection  with  the  cells  the  "cytoblast."  This  sub- 
stance was  supposed  to  form  first  the  cell  nucleus  and  then  the  inclos- 
ing sheath  or  cell  membrane,  after  which  a  new  germ  collected  between 
the  nucleus  and  cell  membrane.  The  current  ideas  of  life  were  shaped 
entirely  upon  the  theory  of  generatio  sequivoca,  and  for  all  forms  of 
life  not  possessing  special  generative  organs  parentless  generation  had 
to  be  assumed.  This  view  has  long  since  been  overthrown;  for  the 
ferments  by  Eilhard  Mitscherlich,  and  for  the  vegetable  parasites  prin- 
cipally by  Louis  Pasteur;  while  in  the  attack  upon  the  theory  of  spon- 
taneous generation  of  animal  parasites  Rudolf  Virchow  participated 
with  Rudolf  Leukart  in  clearing  up  the  development  of  the  trichinae. 
Spontaneous  generation  was  assumed  in  the  theory  of  the  formation  of 
the  cell  from  the  blastema,  and  the  subsequent  formation  of  a  new  cell 
involved  a  second  process  of  the  same  kind.  According  to  the  prevail- 
ing idea  there  were  in  the  bodies  of  men  and  aniijials  a  group  of  tissues 
nearly  destitute  of  cells,  but  Virchow''s  proof  of  the  prcvsence  of  cells 
in  the  bones  and  cartilage,  as  well  as  of  their  persistent  presence  in 
the  connective  tissues,  dealt  a  heavy  blow  to  the  theory  of  free-cell 
formation,  and  this  theory  collapsed  completely  after  his  researches 
on  the  connective  tissue  and  parenchymatous  inflammation.  That 
which  had  been  known  as  the  cytoblast,  a  more  or  less  regular  substance 
lying  between  the  cells,  was  recognized  as  lifeless.  In  young,  grow- 
ing, and  particularly  in  embryonic  tissues,  the  cells  were  found  to  be 
more  exclusively  cellular  the  younger  the  tissue,  and  only  after  the 
tissues  reached  a  considerable  age  did  the  intercellular  masses  appear. 
These  latter,  according  to  Virchow's  theor}',  were  not  simply  depend- 
ent for  their  formation  but  for  their  very  substanc(»>  upon  the  cells, 
which  are  the  only  living  parts,  and  which  are  formed,  as  experiments 
showed,  only  from  living  cells  already  present.  Virchow,  usually  an 
eneni}^  to  formulae,  coined  for  this  relationship  the  expression  omnis 
cellida  a  cellula. 

By  numerous  tests  of  the  constitution  and  behavior  of  diseased  tis- 
sues he  showed  that  the  action  of  disease  consists  in  the  altei-ation  of 
cells,  and  that  the  life  of  the  individual  depends  upon  the  life  of  his 
cells.  Nourishment,  specific  functions  (work),  and  growth  are  all  reg- 
ular actions  of  cells,  while  disease  is  an  anomalous  cell  activity. 

Virchow,  aided  by  all  the  medical  investigations  which  had  been 
stimulated  by  his  experimental  school  of  thought,  continued  to  build 
up  his  pathology  upon  the  foundations  which  his  discoveries  in  cellu- 
lar pathology  had  laid,  and  the  cellular  principle  has  been  the  basis  of 
the  greatest  advances  of  the  kist  decade.  Indeed,  it  would  not  be  too 
much  to  say  that  the  whole  modern  science  of  biology  is  built  upon 
the  law  of  the  cell  succession,  and  it  is  this  which  has  assured  to  Vir- 
chow's  work  its  undying  value  l>eyond  the  boundaries  of  strictly  med- 
ical science.     To  be  sure  there  has  come  forward  occasionally  the  view 
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that  the  life  processes  do  not  reside  in  the  cell  as  a  whole,  but  are 
proper  to  certain  smaller  parts,  the  nature  of  whose  acti^vity  deter- 
mines disease  or  health,  but  these  views  have  not  been  maintained. 
Biology  is  cellular,  and  medical  thought  remains  cellular  in  its  pathology. 

We  have  hitherto  been  tracing  the  course  of  Virchow's  life  and 
noting  the  principal  achievements,  which  stand  like  milestones  to  mark 
his  advance.  Continuing  in  this  way,  we  must  now  take  note  of  one 
of  his  greatest  works,  namel}'^,  ''Die  krankhaften  Geschwulste.""  It  is, 
to  be  sure,  incomplete,  for  only  25  of  the  proposed  30  lectures  composing 
it  appeared  in  the  two  and  a  half  volumes  published.  But  what  Vircho  w 
has  set  down  in  these  three  books  remains  to-dav,  after  almost  fortv 
years,  an  indispensable  reference  work  and  a  guide  to  those  working 
in  this  subject.  The  exemplification  of  the  scientific  principle  of  pro- 
ceeding to  the  understanding  of  a  thing  from  an  investigation  of  its 
development,  the  deep  thorough  discussion  of  a  wealth  of  confirmed 
experimental  material,  all  this  combined  with  the  brilliant  presentation, 
have  caused  the  "  Onkologie  "  to  take  i*ank  as  the  greatest  of  Virchow's 
works. 

Just  as  he  chose  the  genetic  method  in  seeking  the  explanation  of 
the  significance  of  all  discoveries  b}'^  an  inquiry  into  the  nature  of  their 
origin,  so  also  Virchow  did  not  neglect  to  employ  the  same  method  to 
investigate  the  causes  of  phenomena.  He  studied  the  aetiology  of 
diseases  in  the  widest  sense,  and  his  investigations  of  the  panisitic 
diseases,  the  causation  of  affections  by  the  action  of  animal  or  vege- 
table pai'asites  within  the  tissues,  formed  a  considerable  part  of  his 
^etiological  researches.  It  is  not  possible  to  enter  ujwn  them  within 
the  limits  of  this  article,  but  in  the  interest  of  truth  it  should  be  stated 
that  at  no  time  in  his  life  did  Virchow  mistake  the  importance  of 
plant  forms  of  disease  germs,  and  never  opposed  any  movements  of 
thought  leading  in  this  direction.  Thus,  in  1858,  we  find  in  the  Archiv  * 
'^Beitrage  zur  Lehre  von  den  bei  Menschen  vorkommenden  pflanz- 
lichen  Parasiten."  He  gives  here,  among  other  observations,  the  first 
good  description  of  fungus  diseases  of  the  lungs  and  bronchial  tul)es 
(JSrone/w-  aiid  Pneuinonornykimis  (JUfpergilUnaKViA  Ihi,  mireii}!ca). 

His  theories  furnished  the  ground  work  for  the  later  rise  of  bacteri- 
ology. It  was  supposed  by  inanj^  that  there  was  an  outspoken  opiK)- 
sition,  or  at  least  a  distrust,  on  Virchow's  part  of  the  revolution  in 
bacteriological  methods  which  was  going  on  under  the  leadership  of 
Robert  Koch.  Nothing  could  be  more  incorrect.  Virchow,  who  had 
himself  done  much  in  the  interest  of  a  scientific  explanation  of  the 
many  facte  which  he  had  brought  to  light,  had  pointed  out  the  direc- 
tion which  this  branch  of  general  pathology  was  to  take,  and  gladly 
recognized  all  contributions  to  the  science.     It  was  only  against  the 

«  Berlin,  1863-1867.  «» Archiv,  vol.  9,  pp.  557-593. 
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recognition  of  unproved  assumptions,  against  one-sided  investigations 
and  conceptions,  and  against  premature  generalizations  that  he  pro- 
tested. The  real  advances  of  {etiological  knowledge  he  sought  con- 
tinually, with  all  the  weight  of  his  influence,  to  promote  and  to  bring 
to  general  recognition. 

Similar  imputations  have  been  current  in  regard  to  his  position 
relative  to  another  disputed  question,  namely,  that  of  Darwinism.  He 
had  numerous  objections  to  some  of  the  single  propositions  of  the 
Darwinian  theory;  particularly  as  the  result  of  his  own  observations 
he  recognized  more  fully  than  Darwin  the  pathologic  side  of  the 
question  of  heredity.  According  to  Virchow  the  rise  of  a  variety'  of 
a  transmissible  character  presupposes  a  ''deviation  from  the  tvpe 
and  therefore  a  pathologic  (though  b}^  no  means  a  diseased)  condition 
of  the  progenitor.""  The  r61e  of  atavism  he  was  inclined  to  belittle 
as  one  of  a  number  of  unproved  assumptions,  but  he  was  a  no  less 
firm  believer  in  transformism  than  Darwin  and  Johann  Friedrich 
Meckel,  whose  great  service  to  the  theory  of  descent  Virchow  repeat- 
edly' and  properly  emphasized.* 

How  could  a  man  fail  to  accept  Darwinism  who  was  so  influenced  in 
his  intellectual  development  by  Goethe  ^  and  under  whose  hand  modern 
anthropology  has  become  what  it  now  is,  the  scientific  study  of  man. 
Starting  with  somatic  anthropology,  in  natural  expansion  of  his  field 
of  work,  in  1866  he  began  his  investigations  in  prehistoric  archa3ology. 
At  first  he  occupied  himself  with  the  primitive  history  of  his  Pomme- 
I'anian  home  region,  to  which  as  a  student  he  had  already  devoted  some 
historical  studies  that  appeared  in  the  "Baltischen  Studien  "  and  the 
'"  Pommerschen  Volksblatt."  From  this  the  field  of  his  investigations 
extended  over  the  whole  earth.  Contributions  from  every  quarter, 
some  gathered  in  long  journeys  through  Europe,  western  Asia  and 
Eg3^pt,  which  he  took  during  the  vacations,  and  more  cx)llected  by  the 
army  of  scientific  discoverers  who  in  the  last  forty  years  have  pene- 
trated to  all  parts  of  the  earth,  furnished  him  with  his  material.  He 
himself  grasped  the  spade  and  introduced  the  scientific  method  in 
archa?logical  investigation.  It  is  impossible  even  to  mention  here  all 
his  more  important  investigations  and  publications  in  this  and  related 
fields  during  the  four  busy  decades  which  followed.  Onh^  a  few  can 
be  touched  upon,  among  them  the  inquiry  concerning  the  origin  of 
the  human  race  and  its  dispersion  in  the  course  of  ages.  He  published 
numerous  articles  filled  with  rich  material  in  the  '' Zeitschrift  fiir 
Ethnologic,"  largely  conducted  by  him,  and  in  the  "  Verhandlungen 
der     Berliner     Gessellschaft     fur    Anthropology,    Ethnologic    und 

«Archiv,  vol.  103,  p.  205. 
frArchiv,  vol,  103,  p.  10. 

<^  See  "  Goethe  als  Natiirforecher  und  in  beeonderer  Beziehiing  zu  Schiller.  Eine 
Rede  mit  Erliiuterungen.     Berlin,  1861. 
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Urgeschichte/'  of  which  he  was  almost  sole  editor.  These  cominuDi- 
cations  embrace,  besides  more  than  a  thousand  shorter  articles,  a  series 
of  extensive  independent  publications  of  the  highest  importance. 
Among  these  latter  can  be  mentioned  here  only  the  third  volume  of 
the  magnificent  publication  b}^  Stiibel  and  Reiss  on  the  burial  field  at 
Ancon  and  the  great  work  Crania  ethnica  Americana  which  appeared 
in  commemoration  of  the  discovery  of  America  by  Columbus. 

Virchow  devoted  himself  to  ethnographic  studies  no  less  than  to 
other  branches  of  anthropology,  and  here  he  became  a  center  to  which 
the  material  streamed  in  from  all  sides,  and  from  which  went  forth 
suggestion,  criticism,  and  energetic  assistance.  This  never-idle  man 
did  not  disdain  to  teach  travelers  schooled  in  other  lines  of  investiga- 
tion the  anthropometric  methods;  and  indeed  he  found  time  for  every- 
thing, and  never  left  a  piece  of  work  to  others  that  he  could  possibly 
undertake  himself.  Thus,  for  example,  for  ten  years  following  its 
inception  by  him  in  1876,  he  worked  up  alone  the  data  recorded  in^ 
German  schools  as  to  the  color  of  the  eyes,  the  hair,  and  the  skin  which 
has  proved  of  such  value  for  the  knowledge  of  the  different  branches 
of  the  German  race.  He  has  reduced  the  ethnology  of  his  homeland 
to  a  practically  complete  system,  and  his  work  in  this  line  has  fortu- 
nately been  put  in  shape  for  popular  appreciation  in  the  Museum  fur 
deutsche  Volkstrachten. 

Perhaps  one  of  his  greatest  services  to  the  science  was  that  he  per- 
suaded the  visionary  dilletante  Heinrich  Schliemann  to  undertake  with 
DOrpfeld's  help  a  rationally  conducted  excavation  at  Troy,  and,  still 
more,  that  he  succeeded  in  bringing  the  treasure  digger  back  with  bis 
unique  and  invaluable  discoveries  to  the  fatherland.  They  have  been 
placed  permanently  in  the  Schliemann  hall  of  the  Museum  fur  Volker- 
kunde  where  they  will  remain  as  an  enduring  monument  to  Rudolf 
Virchow  as  well. 

But  investigating  and  collecting  were  not  his  only  activitie-s,  for  all 
this  time  he  remained  in  the  fii*st  rank  of  academic  teachers,  expound- 
ing not  only  the  facts,  but  the  philosophy  of  medical  science.  The 
method  he  employed  of  teaching  pathology  was  quite  his  own,  but  has 
become  the  example,  not  only  for  Gemiany,  but  for  other  civilized 
lands.  He  has  discussed  the  teaching  of  pathology  in  weighty  papers," 
and,  indeed,  on  several  occasions  entered  into  the  discusvsion  of  geneml 
academic  instruction  and  its  extension.  He  was  no  inflexible  supporter 
of  the  old  classic  S3\stem  of  education,  for  in  his  Kectorates  address  he 
remarked  that  linguistic  studies  might  be  very  well  supplanted  from  a 
pedagogical  point  of  view  *'by  the  golden  triad  mathematics,  philoso- 
phy, and  the  natural  sciences/'  but  still  from  consideration  of  the 

<»l^ber  deu  Unterrioht  in  der  pathologisohen  ADatomits  **Klini8che  Jahrbucher," 
vol.  2,  pp.  7.5- UX),  and  in  W.  I^xis,  **Die  deut^'hen  Univereitiiten;"  R.  Vin*how, 
Die  pathologiache  Anatomie.  pp.  241-261,  Berlin,  1^93. 
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sources  of  our  Western  culture  he  could  not  subscribe  to  a  complete 
displacement  of  classic  studies  by  the  modern  practical  subjects. 

The  great  pathological  and  anatomical  collections,  which  are  the 
results  of  the  manifold  labors  of  his  long  life,  must  etand  in  the  front 
i*ank  for  purposes  of  instruction  in  his  own  branch  of  science. 
Although  much  of  the  material  there  assembled  is  primarily  adapted 
to  purposes  of  pure  scientific  inquiry,  still  the  objects  were  gathered 
by  him  chiefly  with  a  view  to  their  educational  value.  It  must,  there- 
fore, have  been  a  great  satisfaction  to  him  to  see  in  the  newly  erected 
pathologic  museum  a  worthy  depository  for  this  unequaled  collection. 
In  the  arrangement  of  this  museum  it  is  not  only  the  directly  interested 
scientific  circle,  but  quite  as  much  the  popular  audience  whose  instruc- 
tion is  considered.  He  formed  a  special  easily  accessible  exhibit  to 
illusti-ate  to  the  widest  circles  the  knowledge  most  valuable  to  the 
general  welfare,  just  as  in  his  younger  days  he  had  not  disdained  to 
endeavor  to  awaken  in  the  popular  mind  by  the  simplest  ways  and 
appreciation  for  the  value  of  science.  It  would  require  a  special 
article  to  tell  how  much  work  he  spent  on  the  objects  of  this  collection, 
but  an  idea  of  the  immensity  of  it  can  be  gathered  from  the  fact  that 
about  23,000  preparations  in  the  pathologic  museum  bear  labels  written 
by  Rudolf  Virchow.  These  labels  give  in  the  most  concise  terms  the 
chief  result  of  an  often  extensive  investigation  devoted  to  each  single 
object. 

In  all  the  problems  to  whose  investigation  he  devoted  himself,  iu  all 
pi-actical  matters  which  came  to  his  attention,  and  in  every  branch  of 
science  with  which  Kudolf  Virchow  engaged  he  kept  in  mind  the  rela- 
tions of  the  subject  to  the  public  life.  If  at  the  first  attack  upon  a 
new  problem  it  was  the  love  of  knowledge  for  its  own  sake  which 
spurred  him  on,  yet  in  every  case  the  wider  application  appealed  at 
length  to  the  warm  heart  and  ideal  loving  mind  that  kept  in  view  in  all 
that  he  did  the  good  of  his  fellow-men.  He  put  away  each  little  ego- 
ivStic  striving  and  devoted  his  whole  strength  to  the  work,  never  hesi- 
tating to  take  up  matters  which  hardly  required  the  powers  of  a  Rudolf 
Virchow  to  accomplish  them.  He  knew  that  even  in  our  German 
fatherland,  penetrated  as  it  is  by  Kant's  philosophy,  not  all  men  pos- 
sess that  degree  of  trustworthiness  which  he  desired  to  see  in  all,  but 
which  in  men  of  science  he  held  indispensable.  Whenever  he  failed 
of  finding  exactly  the  man  to  do  a  piece  of  work  he  undertook  it  him- 
self where  any  particular  degree  of  responsibility  rested  upon  him  in 
the  matter.  A  deep  inbred  modesty  kept  him  from  any  feeling  of 
vanity,  but  it  is  easy  to  understand  why  he,  the  deep  philosopher  and 
the  minute  observer,  after  he  became  acquainted  with  the  real  situa- 
tion entered  into  the  political  arena.  With  the  keen  vision  of  the  stu- 
dent of  nature  he  recognized  the  real  cause  of  public  ill-health  could 
only  be  removed  by  a  general  uplifting  of  public  intelligence,  and  only 
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thus  could  further  political  degeneration  be  prevented.  His  journey 
of  investigation  in  Upper  Silesia  gave  him  the  first  incentive  to  his 
political  activity.  Although  not  naturall}^  combative,  but  rather  con- 
templative and  conciliatory,  he  did  not  lack  in  personal  courage  and 
self -forgetfulness,  and  entered  into  political  action  without  fear  of  the 
consequences  of  his  outspoken  thinking,  and  the  more  readily,  per- 
haps, when  his  actions  cost  him  dear.  It  was  thus  he  entered  at  first 
into  the  political  agitation  and  speedily  became  the  representative  of 
the  people.  The  characteristics  which  distinguished  his  scientific 
work  he  placed  at  the  service  of  the  common  weal,  so  that  his  enemies 
could  but  admit  in  him  an  uncommon  fullness  of  knowledge  and  a  sure 
memory,  a  never  satiated  desire  and  capacit}'^  for  work,  and,  finally,  the 
thorough  conscienciousness  and  unassailable  veracity  of  the  man  of 
science.  To  be  sure  he  was  no  political  seer,  and  the  practicability  of 
many  of  his  recommendations  was  disproved  in  the  trial,  but  on  the 
other  hand  it  is  certain  that  he  was  in  manj^  points  in  the  right  and 
that  it  was  his  scientific  habit  of  thought  and  the  thoroughness  of  his 
methods  of  work  which,  in  the  thorny  paths  of  the  nonprofessional 
parliamentarian  as  also  in  municipal  life,  yielded  those  results  which 
have  been  of  such  incalculable  value  to  the  hygiene  of  Berlin. 

Rudolf  Virchow  always  strove  after  results,  but  was  little  concerned 
for  the  mere  outward  signs  of  them.  The  presence  of  the  battle  steeled 
his  courage  and  sharpened  his  desire.  Small  vanity  was  wholly  for- 
eign to  him,  and  he  could  detect  a  flatterer  at  the  first  meeting.  He 
was  receptive  only  to  such  recognition  as  indicated  in  itself  that  he  was 
rightly  understood,  and  he  made  use  of  such  recognition  for  his  own 
guidance,  for  it  showed  him  the  measure  of  the  usefulness  of  his  work 
for  the  general  good  better  than,  in  his  modesty,  he  could  himself 
have  estimated  it.  It  was  in  this  spirit  that  both  in  politics  and  in  his 
scientific  work  he  accepted  the  homage  which  flowed  to  him  more  and 
more  as,  in  the  course  of  the  decades,  his  work  widened.  He  is  cele- 
brated in  foreign  lands  no  less  than  in  Germany,  and  he  appreciated 
the  national  significance  of  his  honors  and  ref i*ained  from  putting  them 
off  that  the  prestige  of  his  fatherland  might  not  lack.  The  more 
Rudolf  Virchow  became  the  critical  controlling  center  of  German  sci- 
ence, as  evidenced  by  his  official  standing  ^nd  in  particular  in  his  con- 
duct of  the  great  '*  Berliner  Medizinischen  Gesellschaft,"  the  "  Berliner 
Gesellschaft  fiir  Anthropologic,  Ethnologic  und  Urgeschichte,''-  his 
leading  place  in  German  and  international  scientific  congresses,''  and 

« With  his  tact  and  cleverness  he  chose  for  the  subjects  of  his  addreeo^  in  foreign 
lands  actual  or  historical  presentations  from  the  national  tradition  of  the  country  in 
question.  Thus  in  England  he  spoke  of  Glisson  in  '^ti^ber  den  Wert  des  jMithologi* 
schen  Experimentes.''  In  this  address  he  supported  the  English  medical  profession 
in  its  battle  against  the  antivivisectionists.  In  Italy,  among  others,  he  choee  the 
theme  *'  Morgagni  und  der  anatomische  Gedanke**  (address before  the  eleventh  inter- 
lational  medical  congress  at  Rome,  1S94). 
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his  place  as  an  educator,  the  more  he  achieved  cosmopolitan  greatness. 
At  this  time  when  he  has  but  just  ceased  his  heretofore  unbroken  labors 
it  can  not  yet  be  appreciated  how  great  he  had  become  and  how  much 
science  lost  by  his  death. 

In  this  short  sketch  only  the  main  points  can  be  indicated;  a  later 
time  must  furnish  the  historian  who  shall  truly  interpret  Rudolf  Vir- 
chow  and  his  epoch.  Then,  when  all  the  documentary  material  now 
scattered  in  contemporary  periodicals  and  in  correspondence  and 
notices  throughout  the  world  is  brought  together,  an  adequate  view 
can  be  taken  of  the  splendid  combination  of  human  qualities  which 
made  the  foundation  of  Rudolf  Virchow's  greatness." 

His  spirit  will  ever  reside  in  the  fundamental  revolution  which  he 
brought  about  in  medical  science  and  practice,  and  his  work  will  go  on 
in  the  new  paths  he  opened  in  all  departments  of  science  which  he 
entered,  and  in  the  methods  of  investigation  which  he  so  unweariedly 
taught.  Herein  rests  the  tradition  which  remains  with  his  disciples, 
and  this  is  their  weapon  to  use  for  the  full  freedom  of  learning  and 
objective  teaching. 

«SeeO.  Israel,  "Zu  Rudolf  Virchow'e  Achtzigstem  Geburtstage,"  Arztliche  Mo- 
natschrift,  1901,  heft  10. 
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